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TEK 



221 3/V221 5 A/2235 

DUAL TRACE OSCILLOSCOPES 



THE ANSWER 

BY ANY MEASURE 



Now! Tek quality and expert advice 
are just a free phone call away! 



The industry 
standard in CRT 
performance. 

Crisp, easy-Io- 
read, bright CRT; 
14kV accelerating 
potential, provides 
high writing rate 
and small spot 
size. Full size 8x10 
cm display for 
measurement 
accuracy. 



Display controls 
are flexible and 
easy to use. Sep- 
arate intensity 
controls reduce 
blooming in alter- 
nate sweep mode. 
Focus tracking 
minimizes control 
adjustment and 
BEAM FIND elimi- 
nates confusion. 



Vertical sys- 
tem provides 
measurement 
assurance. Flat 
transient response 
and high accuracy 
ensures true 
reproduction of 
your signals. Fast 
risetime and high 
bandwidth is well 
suited lor a variety 
of measurement. 



Perform delayed 
sweep measure- 
ments accurately 
and easily. Both 
sweeps can be 
displayed alter- 
nately making dif- 
ferential measure- 
ments easy and 
accurate (1%). 
An interlocking 
SEC/DIV control 
simplifies set-up. 



Stable hands-off 
triggering. P-P 
AUTO detects sig- 
nal peaks, then 
sets the trigger 
level for you. Dis- 
play asynchronous 
signals using 
VERT MODE trig- 
gering. Indepen- 
dent TV field and 
line selection. 



Front panel laid 
out by function 
for ease of use. 

Color coding aids 
the user in opera- 
tion. Functions 

and modes are 
placed logically. 
All nomenclature 
is clearly labeled, 
and protected 
behind a scratch- 
less Lexan surface. 




Our direct order line gets 
you the industry's leading 
price/performance portables . . . 
and fast answers from experts! 

The 60 MHz single time base delay 
221 3A, the 60 MHz dual time base 
2215A and the 100 MHz dual time 
base 2235 offer unprecedented 
reliability and affordability, plus the 
industry's first 3-year warranty* 
on labor and parts, CRT included. 

The cost: just $1275 for the 
221 3A, $1525 for the 221 5A, 
$1750 for the 2235T Even at 
these low prices, there's no 
scrimping on performance. You 



have the bandwidth I 
and analog circuits. The sensitivity 
for low signal measurements. The 
sweep speeds for fast logic fami- 
lies. And delayed sweep for fast, 
accurate timing measurements. 
All scopes are UL Listed and GSA 
approved. 

You can order, or obtain 
literature, through the Tek 
National Marketing Center. Tech- 
nical personnel, expert in scope 
applications, will answer your 
questions and expedite delivery. 
Direct orders include comprehen- 
sive 3-year warranty*, operator's 



manual, two 1 0X probes, 15-day 
return policy and worldwide ser- 
vice backup. 

Order toll free: 
1-800-426-2200, 
Ask for Rick. 

In Oregon, call collect: 
(503) 627-9000. 
Or write Tektronix, Inc. 
P.O. Box 1700 
Beaverton, OR 97075 



Tektronix 

COMMITTED TO EXCELLENCE 



Copyfighl s 1985, Teklronix. Inc AH rights reserved. #TTA-439-3. tPrice FOB. Beaverton, OR. '3-year warranty Includes CRT 
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BUILD THIS 51 WIRELESS VIDEO-CAMERA LINK 

Who says you need a portable VCR to make 

great video movies? 

William Sheets and Rudolf F. Graf 

57 $99 SATELLITE-TV RECEIVER 

Part 2. Here's your chance to get started 
receiving satellite-TV! 
Richard D. Maddox 

61 HUMIDITY MONITOR 

If you're an electronics hobbyist, you had 
better be concerned about humidity in the 
winter months! 
Mark C. Worley 

75 MINI MUSIC SYNTHESIZER 

This is a fun, easy-to-build project that can 
make anyone a musician. 

88 PC SERVICE 

Use the direct-etch foil patterns to make 
circuit boards for your wireless video link, 
satellite receiver, humidity monitor, and mini 
music synthesizer! 


RADIO 
96 COMMUNICATIONS 
CORNER 

All about diversity 
reception. 
Herb Friedman 

108 ANTIQUE RADIOS 

A history lesson on 
ancient electronics. 
Richard D. Fitch 


VIDEO 

110 SERVICE CLINIC 

Troubleshooting problems 
with IC's. Jack Darr 

111 SERVICE QUESTIONS 

Answers to your TV-service 
questions. 


COMPUTERS 
Following COMPUTER DIGEST 

page 104 Monitors, speaker design, 
and more 


TFCHNOIOGY 79 REPAIRING COMPACT DISC PLAYERS 

Part 4. Find out how CD players work — and 
what to do when they don't. 
John D. Lenk 

94 ROBOTICS 

Brains for your robot. 
Mark J. Robillard 

103 SATELLITE TV 
The Ku band. 
Bob Copper, Jr. 


SPECIAL 
REPORT 

56 HIGHLIGHTS OF THE NPE 
CONVENTION 

A report on last year's 
historic get-together! 


EQUIPMENT 
REPORTS 
28 Tektronix 318 16-Channel 
Logic Analyzer 

40 Rhoades TE-600 Teledapter 
Stereo Synthesizer 


CIRCUITS AND 71 CURING ELECTROMAGNETIC INTERFERENCE 
COMPONENTS Part 3. How to EMI-proof your designs. 
Michael F. Violette 

83 ALL ABOUT TRANSISTOR SWITCHES 

Good design techniques are often 
overlooked when designing switching 
circuits. Here's how to do things the right 
way. L.B. Cebik 

112 DRAWING BOARD 

A Z80 demonstration program. 
Robert Grossblatt 
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Have you decided that the only way to 
make the video movies you want is to buy a 
portable VCR and camera? Well, think 
again! Our wireless video link will let you 
transmit video signals from your camera to your VCR over one of the 
UHF channels! It just might be the ultimate in portability! 

Making moves isn't all that our video link will let you do. You can 
also use itto transmit signals fronnyour VCR in one room to aTV in any 
other room in the house — all with wireless convenience. 

Our thanks to Magnavox for providing the Loiite video camera that 
our model is using with the wireless video link. 



Next Month 



THE MARCH ISSUE IS 
ON SALE FEBRUARY 4 

SPECIAL SECTION ON ROBOTICS 

Two special articles will bring you up to date on the 
robotics industry. The first is a buyer's guide to the 
market. The second tells you what's involved in build- 
ing your own robot! 

BUILD A DELUXE VIDEO TITLER 

Due to space restrictions, we were unable to run the 
final installment this month. In March, we'll finish 
things up with a look at the software and how to 
interface the titler to a computer. 

BUILD AN AMPLIFIER FOR YOUR WALKMAN 

Who says you have to listen to your personal stereo 
through headphones? 

HOW TO AVOID HOT PROJECTS 

The second and final installment gives more hints and 
design considerations. 



As a service to readers. Radio- Electronics publishes available plans or information relating to newsworthy products, techniques 
and scientific and technological developments. Because of possible variances in Ihe quality and condition ol materials and 
workmanship used by readers, Radio- Electronics disclaims any responsibility for Ihe sale and proper functioning of reader-built 
projects based upon or Irom plans or information published in this magazine. 

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents, 
RADIO- ELECTRONICS disclaims any liability for the infringement of such patents by Ihe making, using, or selling of any such 
equipment or circuitry, and suggests that anyone interested m such projects consul! a patent attorney. 
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Scanners 

Communications Electronics" 

the world's largest distributor of radio 
scanners, introduces new scanners 
and scanner accessories from J.I.L., 
Regency and also Uniden/ Bearcat. 
Chances are the police, fire and 
weather emergencies you'll read 
about in tomorrow's paper are coming 
through on a scanner today. 

NEW! Regency! MX7O0O-K 

List price S699.95/CE price S429.O0/SPECIAL 
10- Band, 20 Channel • Crystailess • AC/ DC 

frequency range: 25-550 MHz continuous coverage 
and 800 MHz. to 1.2 GHz continuous coverage 
In addition to normal scanner listening, the 
M X7000 offers CB, VH F. and U H F TV a udio, FM 
Broadcast, alt aircraft bands (civil and military). 
800 MHz communications, cellular telephone, 
and when connected to a printer or CRT, satellite 
weather pictures. 

NEW! Regency® MX500O-K 

List price S599.95/CE price $329. 00/ SPECIAL 
Multi-Band, 20 Channel • No-crystal scanner 
Search • Lockout • Priority • AC/DC 
Selectable AM- FBI modes • LCD display 
World's first continuous coverage scanner 
Frequency range: 25-550 MHz continuous coverage. 
Never before have so many features come in 
siich a small package. The Regency MX5000 
mobile or home scanner has continuous cover- 
age from 25 to 550 M Hz. That means you can 
hear CB, Television audio. FM broadcast sta- 
tions, all aircraft bands including military and 
the normal scanner bands, all on your choice of 
20 programmable channels. 

NEW! Regency® MX4000-K 

List price S629.95/CE price S299.0O/SPECIAL 
Multi-Band, 20 Channel e No-crystal scanner 
Search e Lookout • Priority • AC/ DC 
Selectable AM-FM modes • LCD display 

Bands: 30-50, 118-136, 144-174. 440-5 12, 800-950 MHz 

The Regency MX4000 is gives coverage in the 
standard VHF and UHF ranges with the impor- 
tant addition of the 800 MHz. and aircraft bands. 
It features keyboard entry, multifunction liquid 
crystal display and variable search increments. 

NEW! Regency® Z60-K 

List price S379.95/CE price $21 6.00/ SPECIAL 
8-Bandf SO Channel e No-crystal scanner 

Bands: 30-50. 88-108. 1 18-136. 144-174, 440-512 MHz. 
Cover your choice" of over 1 5,000 frequencies 
on 60 channels at the touch of your finger. 



NEW! JILSX-400-K 

List price 5799.95/CE price S469.00/SPECIAL 
Multh Band, 20 Channel • Mo-crystal Scanner 
Search • Lockout • Priority • AC/DC 

Frequency rartQA: 26-520 MHz continuous coverage. 
Wtifi optionally squippaC PF convet , J ers 1S0KHz,-3.7 GHz. 
The JIL SX-400 synthesized scanner is designed tor 
commercial and professional monitor users that de- 
mand features not found in ordinary scanners. The SX- 
400 will cover Irom 150 KHi to 3.7 GHz with RF 
converters. Order the following RF converters tor your 
SX-400 scanner. RF-103D-K at S259.O0 each for 
frequency range 1 50 KHz. -30 MHz. USB. LSB, CW and 
AM. (CW filter required for CW signal reception); RF- 
5080- K at S 1 9 9.0 e ach f or 500-800 M H z.: R F-80 1 4 - K 
at $1 99.00 each for 800 MHz -1 .4 SHj, Be sure to 
also order ACB-30O-K at S99.00 each which is an 
antenna control box forconnection of the RF converters. 
The RC-40OO-K data interface at $259.00 each gives 
you control of the SX-400 scanner and RF converters 
through a computer. Add S3 .00 shipping for each RF 
converter, data interface or antenna control box. If you 
need further information on the JIL scanners, contact 
JIL directly at 21 3-926-6727 or write JIL at 171 20 
Edwards Road. Cerritos, California 9O701 U.S.A. 

SPECIAL! J I L SX-200- K 

List price $499. 95/CE special price $1 59.00 
Multi-Band- 16 Channel * No-Crystal Scanner 

Frequency range 26-83, 108-130, 380-514 MHz. 
The JIL SX-200 scanner lunes military, FELL, Space 
Satellites, Police and Fire, Drug Enforcement Agencies, 
Defense Department, Aeronautical AM band Aero 
Navigation Band, Fish & Game, Immigration, Paramedics, 
Amateur Radio. Justice Department, State Department, 
plus other thousands of radio frequencies most other 
scanners can't pick up. The SX-200 has selectable 
AM/FM receiver circuits, trhswitch squelch settings - 
signal, audio and signal & audio, outboard AC power 
supply DC at 12 volts built-in, quartz clock - bright 
vacuum fluorescent blue readouts and dimmer, dual 
level search speeds, tri-ievei scan delay switches, 16 
memory channels in two channels banks, receive fine 
tune (RlTj± 2KHz., dual level RFgain settings^ 20 do 
pad, AGC test points for optional signal strength meters. 

Regency® HX1000-K 

List price S329.95/CE price S209.00 
e-Bnnd, 30 Channel • No Crystal scanner 
Search • Lockout * Priority • Scan delay 
Sidelit liquid crystal display • Digital Clock 

Frequency range: 30-50, 144-174, 440-512 MHz. 
I he new handheld Regency HX1 000 scanner is fully 
keyboard prog rammableforthe ultimate in versatil- 
ity. You can scan up to30 channels at the sametime. 
When you activate the priority control, you automat- 
ically override all other calls to listen to yourfavorite 
frequency. The LCD display is even sidelit for night 
use. Order MA-256-K rapid charge drop-in battery 
charger for S79.00 plus $3.00 shipping/handling. 
Includes wall charger, carrying case, belt clip, 
flexible antenna and nicad battery. Order now. 

NEW! Bearcat* 100XL-K 

List price S349.95/CE price $229.00 
9- Band, 10 Channttt * Priority • Scan Delay 
Search • Limit * Hold # Lockout * AC/DC 
Frequency range: 30-50, 118-174, 406-512 MHz. 
The world's first no-crystal handheld scanner now has 
a LCD channel display with backlight for low light use 
a nd a i re raft ba nd coverage a 1 1 h e sam e low price. Si z e i s 
1.Vx7Va' i j<2 I ^ r TheSearcarl00XLhaswidefrequency 
coverage that includes all public service bands (Low, 
High, UHF and T bands), the AM aircraft band, the2- 
meier and 70 cm. amateur bands, plus military and 
federal government frequencies. Wow., what a scanner" 
Included in our low C E price is a sturdy carrying case, 
earphone, battery charger/ AC adapter, six AA nhcad 
batteries and llexible antenna. Order your scanner now. 

NEW! Regency® HX2000-K 

The World's FlrstoOOMHx. Handheld Scanner 

List price S569.95/CE price $359.00 
7-Band, 20 Channel • No-crystal scanner 
Priority control • Search/Scan • AC/DC 
Sidelit liquid crystal display • Memory backup 

Bands: 118-136, 144-174, 440-512, 800-950 MHz. 
The HX2O0Q scanner operates on 1 20V AC or S VDC. 
Scans 15 channels per second. Size 3" x 7" x 1ifr." 
Includes wall charger, carrying case, belt clip, flexible 
antenna and nicad batteries. Selectable AM/FM modes. 





MEW! Bearcat 800XLT-K 

List price S499.95/CE price S329,00 

1 2-Band, 40 Channel * No-crystal scanner 

Priority control ■ Soarch/Scan • AC/DC 

Bands: 29-54, 116-174, 406-512, 806-912 MHz. 
Th e U n iden 80O X L T rece i ves 40 chan n e Is i n two ba n ks. 
Scans 1 5 channels per second. SizeQ'.V" x4^" x 12^.'' 

OTHER RADIOS AND ACCESSORIES 

Panasonic PI F-2BOG-K Shortwave receiver... ....Si 79.00 

Panasonic HF-B300-K Shortwave receiver SI 95 00 

RD95-K Uniden Remote .mourn Radar Detector, ... SI 39.00 

R055-K Uniden Visor mount Radar Detector $11 9,00 

fiC 20/20-K Bearcat 40 channel scanner £274.00 

BC 21 OXW-K Bearcat 20 channel scanner 52 1 900 

8C-WA-K Bearcat Weather Alert" , £39.00 

DX1 OOO- K Bearca t sh o rt wave r ec e Ivor S459 .00 

PC2 2 ■ K Uruda n re mote mou nt C B t ra n sceive r £99 00 

PC55-K Uniden mobile mount CB transceiver $59 GO 

Z10-K Regency 10 channel scanner £139-00 

Z30-K Regency 30 channel scanner S1 54,00 

Z45-K Regency 45 channel scanner ,. Si 79-00 

H10<BO~K Regency 10 channel scanner. £98.95 

MX3000-K Regency 30 channel scanner Si 0900 

C403-K Regency 4 channel scanner £69.00 

R10S-K Regency 10 channel scanner , $99.00 

RH2SOB-K Regency 1 channel VHF transceiver . . . £329-00 
RU1 50B-K Regency 10 channel UHFjransceiver,.S449.00 
RPH41 0-K 1 ch. handheld no-crystal transciever. . . $399.00 

BC10-K Battery charger tor Regency PPH410 S79,00 

MA256-K Drop-in charger for HX1000 scanner $79.95 

MA257-K Cigarette lighter cord for HX1 000 S1 9.95 

MA917-K Ni-Cad battery pack torHXIOOO $24.95 

EC1 0-K Programming tool for Regency RPH4 10... $20.00 
SMRH250K Service man. for Regency RH250, ... $20.00 
SMRU1 50-K Service man for Regency RU1 50 . . . $20 00 
SMRPH41 0-K Service man for Regency RPH41 . $70.00 
SMMX70OO-K3VC man. tor MX7000& WX5000 ... $20. 00 
SMMX3O00-K Service man. farRegencyMX3000 . $20.00 

B-4-K 12 V AAA Ni-Cad batteries (set of four) $9.00 

A-135C-K Crystal certificate £3 00 

FB*E-K Frequency Directory for Eastern U.S. A Si 2.00 

FB- W-K Frequency Directory lor Western U.S.A. . . $1 2-00 
TSG-K'Top Secret" Registry ot U.S. Govt. Freq.. .. £15.00 

TIC-K Techniques for Intercepting Comm $15.00 

RRF-K Railroad frequency directory ..SI 0.00 

CiE-K Covert tntellhgenct. Elect. Eavesdropping ... $15.00 
A60-K Magnet mount mobile scanner antenna — £35.00 

A70-K Base station scanner antenna $35.00 

USAMMKMagmountVHF/UHFant.w/12 cable... S39.95 
USAK-K W! hole mount VH F/UHF ant. w{ 1 T cable. . $35.95 
USATLM-K Trunk lip mount VHF/UHF antenna. . . S35.95 
Add $3 00 sh ipping tor all accessories ordered at the same \ ime 
Add SI 2. 00 shipping per shortwave receiver- 
Add $7.00 shipping per scanner and $3.00 per antenna. 

BUY WITH CONFIDENCE 

To got Jfi* taatmai dmllvary tram QE of any aoanncr. 
send or phone your order directly to our Scanner 

Distribution Center!" Michigan residents please add 4% 
sales tax or supply your tax I.D. number. Written pur- 
chase orders are accepted from approved governmenl 
agencies and most well rated firms at a 10% surcharge 
for net 10 billing. All sales are subject to availability, 
acceptance and verification. All sales on accessories 
are final. Prices, terms and specifications are subject to 
change wiihout notice. All prices are in U.S. dollars. Out 
of stock items will be placed on backorder automatically 
unless CE is instructed differently. A $5.00 additional 
handling fee will be charged for all orders with a 
merchandise total underSSO.OO. Shipments are ROB 
Ann Arbor, Michigan. No COD's. Most products that we 
sell have a manufacturer's warranty. Free copies of 
warranties on these products are available prior to 
purchase by writing EoCE. Mo n-certified Checks require 
bank clearance. 

Mail orders to: Communications Electron- 
lesr Box 1045 P Ann Arbor, Michigan 48106 
U.S.A. Add $7.00 perscannerforU.P.S. ground 
shipping and handling in the continental USA, 
For Canada, Puerto Rico f Hawaii, Alaska H or 
APO/FPO delivery, shipping charges are three 
times continental U.S. rates. If you have a Visa 
or Master Card r you may call and place a credit 
card order. Order toll-free in the U.S. Dial 
800-USA-SCAN. In Canada, order toll-free by 
calling 800-221-3475, Telex CE anytime, dial 
810-223-2422. If you are outside the U.S. or in 
Michigan dial 313-973-8888, Order today. 
Scanner Distribution Center" and CE logos are trade- 
marks of Communications Electronics Inc. 
t Bearcat is a registered trademark ot Uniden Corporalion. 
t Regency is a federally registered trademark of Regency 
Electronics Inc. AD *O903S5-K 

Copyright e 19S5 Communications Electronics 

For credit card orders call 

1-800-USA-SCAN 
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MX4000 

HX2Q00 

MX7000 
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Consumer Products Division - 



P.O. Box 1045 C: Ann Arbor, Mich igan 48 106 -1045 U.S. A. 
CallflOO-USA-SCANoroutside U.S.A. 31 3-973-8888 



Full-featured 

frequency 

counter 

The DM850 offers more than any 
digital multimeter in its price class: 

4H digits, DCV accuracy is 

.05% + 3 digits 
True RMS 

Frequency counter to 200KHz 
Data Hold display capability 
DCV-5ranges(.2VtolkV) 
ACV-5ranges(.2Vto750V) 
DCA/ACA-6ranges(.2rnAtoK}A) 
Ohms -6 ranges (200 Ohms to 

20 Megohms) 
Continuity beeper 
Diode check 
Built-in bail 
Anti-skid pads 

Prices: DM850 (True RMS) . . 
DM800 (Average RMS) 

See one now at your local Beckman 
Industrial distributor. 



S2199S* 
M69 95 * 
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Beckman Industrial Corporation 

A Subsidiary of Emerson Electric Companv 

630 Puente Street, Brea, CA 92621 

(714)671-4800 

C Copvrighi ISSS Jkclcman Industrial Corporation 



Editorial 



Radio-Electronics is on the move! 

Radio-Electronics is moving! Yes, we're packing our bags and getting 
set to move out of New York City. We're not taking the move lightly — 
we've been at our present location for about seventeen years. And we 
have to admit, we like our Park Avenue South offices... but not as 
much as we're going to like our new place. 

Being thirty miles east of Manhattan does have its advantages. Our 
new Long Island offices will give us room to think and room to grow. 

Don't think that because we're leaving the Big Apple that we'll slow 
down to an easier pace. We'll be moving faster than ever to keep you 
up to date and informed. Any changes we make will be for the better. 
Next month, for example, you'll see a special section on robotics, and 
a new column devoted to new technology. We intend to stay on the 
cutting edge — and to keep you there, too. 

We also plan to become more responsive to your needs. We started 
our new Ask R-E column to answer your questions. Of course we can't 
answer everybody, but we'll answer the questions that will be of 
interest to the largest number of readers. If we can't answer your 
question, we'll try to steer you to someone who will. 

I see that I've strayed from the subject I intended to write about. But 
that's because I'm more excited about being the new Managing Editor 
than I am about moving. But I'd be even more excited to hear from 
you. I want to hear your honest opinion about Radio-Electronics, just 
write a postcard or short letter and let me know what you think is the 
best article or column in this issue. Let me know what you think is the 
worst, too. While you're at it, tell me something about yourself. 

1 guess I better tell you our new address. It's: 

Radio-Electronics 
500-B Bi-County Blvd. 
Farmingdale, NY 11735 




Brian C. Fenton 
Managing Editor 
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New and Used Electronic Test Equipment 
Sates • Service • Rental » Leasing 



3.5 Digit DMM^With Scope Purchase 
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ITACHl 

tac^i D**n5hi. Ltd 




FEATURES: 



$ 



MODEL 

3550 
3525 
3510 



BASIC 

DC VOLTAGE 

ACCURACY 

±.5% ±2 digits 

±.25% ±2 digits 

±.1%±2 digits 



• AC DC 


i/oltag 


e 


• 


Data hold 


• AC DC current 


• 


Manual or autoranging 


• Resistance 




• 


Overload protection 


• Diode test 




• 


LCD display 


• Audible 






• 


Built-in stand 


Gontinu 


ity ch 


eck 


• 


Battery included 


• Temperature 




• 


Test leads included 


(Type K 


3510 & 3525) 






iecfac 
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One With Any 


QTY1 




QTY3+ 




Scope Purchased 


PRICE 




PRICE 




From RAG 


$49.00 




$42.00 




FREE 


$64.00 




$54.00 




$19.95 


$79.00 




$67.00 




$29.95 



2 year warranty plus carrying case included! 




MODEL V-222 $536.00 

DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for 
DMM Output, Verticle Mode Trigger, 6" CRT 
(w/twd X1/X1 probes). 

MODEL V-422 $694.00 

DC to 40 MHz, other features same as V-222 
(w/two X1/X1Q probe). 



$1,276.00 



Model V-422 shown 



MODEL V 21 2 $461.00 

DC to 20 MHz, 1 mV/div, Dual Trace, Features 6" 
Rectangular CRT (w/two X1 probes). 



MODEL V-1050F m, . ,, 

DC to 1 00 MHz, 5 mV/div, Quad Trace, Delayed Sweep, 
Full TV. Triggering, alternate time base 
(w/two X1/X10 probes). 

MODEL V-650 $956.00 

DC to 60 MHz, 1 mV/div, Triple Trace, Delayed Sweep, 
Full T.V. Triggering, variable trigger hold-off 
(w/two X1/X10 probes). 



NEW! 3 year warranty parts and labor on above scopes! 

RAG Electronics is a factory authorized Hitachi repair center. 
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CALL US TOLL FREE 

1-800-732-3457 

IN CALIFORNIA TOLL FREE 

1 -800-272-4225 

Prices subject to change without notice. 
RAG ELECTRONICS, INC. / 2141 8 Parthenia Street/ Canoga Park, CA91 304/ 1-818-998-6500 



■ Master Charge 

■ VISAS COD 

■ Money Order 

■ Check 


3$ 


ADD FORSH1PPINGANC INSURANCE 
SO lo $250.00 $4.50 


~~~ 


$251.00 10*600.00 


$6.50 




SI 2.50 


over $1000.00.. 


-.,$15.00 



= Polaroid 



POWE R 



DESIGNS 



WHAT'S N EWS 
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Hugo Gernsback honored 
by antique radio group 

The Antique Wireless Associa- 
tion (AWA) declared 1985 
"Gernsback Year," and devoted 
three categories of its annual Old 
Equipment contest to Electro Im- 
porting Co. items, and documen- 
tation of Gernsback publications. 

The best exhibit, by AWA Presi- 
dent Lauren Peckham, was a dis- 
play of old Electro Importing Co, 
(EICo) equipment, which included 
some items rarely seen even by 
avid collectors. Rarest was a 
Gernsback Rotary Variable Con- 
denser. Using a patented roller 
principle, with the foil and di- 
electric rolling off one roller and 
onto another, it had a maximum 
capacitance of .01 |xF. Another ex- 
hibit, by Robert Trauterman of 
Ford City, PA, featured copies of a 
large number of early Gernsback 
magazines, plus a collection of his 
most famous editorials. 

Feature of the AWA Annual Ban- 
quet was an interview by AWA ex- 
president Charles Brelsford of 
Fred Shunaman, long-time manag- 
ing editor of Radio-Craft and Ra- 
dio-Electronics, on Hugo 
Gernsback as an employer, as an 
individual, and as an influence on 
the radio art and the youth of his 
generation. 

The conference was held at Ca- 
nandaigua, NY, on September 
25-29, 1985. Attendance was over 
650. Sales at the AWA members' 
auctions totalled $18,300, "ten per 
cent of which goes to the Associa- 
tion. During the Conference eight 
papers were presented and there 
were three auctions and an ama- 
teur seminar. 

Discharge rate up 10 times 
in new solid-state battery 

Eveready has just announced 
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THE EVEREADY 2-VOLT SOLID-STATE CELL 

the development of a new battery 
with a discharge rate ten times 
greater than that of any earlier sol- 
id-state batteries. The new 2-volt 
lithium cell also operates over a 
wider temperature range than 
conventional solid-state cells, and 
with no loss in shelf life. 

The high discharge rate is the 
result of a patented Isostatic Com- 
pression Process. The electroac- 
tive materials are assembled in an 
argon atmosphere, then heat- 
sealed in a plastic bag and com- 
pressed at 80,000 pounds to the 
square inch in a commercial iso- 
static press, which applies the 
compression equally in all direc- 
tions, using water/water-soluble 
oil as the pressure transmitting 
fluid. "The resulting intimate parti- 
cle- to -particle contact thus 
achieved reduces the internal bat- 
tery resistance to enable the high- 
er rate of discharge," says a 
company spokesman. 

The high-temperature perfor- 
mance is possible because the bat- 
tery itself contains no liquid — it 
uses vitreous solid electrolytes. 

It is expected that samples of the 
new battery will be available be- 
fore the end of 1985. 

"Fuzzy logic" can make for 
better military decisions 

A new approach being followed 
by General Electric scientists may 
enable military field commanders 



to make fast, accurate decisions 
based on quantities of incomplete 
and/or conflicting reports. 

The new approach includes 
"fuzzy logic." A conventional 
computer program must have 
complete and accurate informa- 
tion to make correct decisions. A 
"fuzzy logic" program resembles 
more closely the workings of an 
intelligent human mind — it can 
make sense of such relative terms 
as "almost" or "probably." 

The new program belongs to the 
class of "expert systems" that have 
been developed to simulate a 
human expert. They are founded 
on a "knowledge base" which 
combines all the information ob- 
tainable on a given subject — not 
from one, but from many experts. 
When confronted with a problem, 
the computer searches the knowl- 
edge base, selects pertinent facts, 
and applies rules (conditional 
statements) to them to define the 
problem. The main difference be- 
tween that expert system and ear- 
lier ones is the use of the fuzzy 
logic that makes it possible to 
make decisions even if not all the 
facts are in place. 

Besides that "probabilistic rea- 
soning," the new system has two 
other parallel approaches: a "dy- 
namic truth-maintenance system" 
that enables the computer to 
"think" through various hypoth- 
eses and weed out the ones that 
are not applicable, and a method 
of reasoning by analogy- — of 
weighing similarities and dif- 
ferences of a current situation 
compared with a previous one. 

The development program is 
being funded by a two-year, $1 mil- 
lion contract from the Defense Ad- 
vanced Research Projects Agency 
(DARPA) of the U.S. Department 
of Defense. R-E 



Fluke* First Family of DMMs* 




When accuracy, performance and value 
are important, professionals the world over 
look to Fluke — the first family of DMMs. 

Reliable Fluke-quality 3 1 /2- or 4 1 /2-digit 
DMMs fit every need — from design en- 
gineering to industrial troubleshooting. 

There's the low-cost 70 Series — the 
most DMM you can get for the money. The 
tough 20 Series — totally sealed and built 
to survive the dirtiest, grimiest, roughest 
jobs. The reliable 80208 Series — made 
to withstand the rigors of the field service 
environment. The precise 8060A Series — 
the most powerful and complete test and 
measurement system available in a hand- 
held package. And, of course, the versatile 
Bench/Portables that carry on the Fluke 
tradition for precision and durability in 
lab-quality bench instruments. 

Fluke comes in first again with the 
world's largest selection of quality ac- 
cessories to help extend the capabilities of 
your DMM even further. 

There's no need to look anywhere else. 
Uncompromising Fluke design and lead- 
ing edge technology are the reasons why 
attempts at imitation will never fool the 
millions of professionals that accept noth- 
ing iess than a Fluke. 

For your nearest distributor or more 
information, call toll-free 
1-800-426-0361. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 



IFLUKEI 



IK THE U.S. AND NON-EUFtOPEAN COUNTRIES; John Flute Ml] Cl Inc . PC Btuc C9B0. W/S ZKK. Evsrell. Wl 9B205. Sills IHKI 3S8-5400. Olfier |K16) 347-6100 

EUROPEAN HEADQUARTERS, JFlute iKollind] EV PO ta 226}. 5600 CE Eindaoren TB! NffllcilH! [Mty 1SSM5. TIX S18« 

© CoiyligM 1955 ,srn Flute Mlg Co . r; All ngtiti nstfM *fl No «0i- 8030/70/10 
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Train for the Fastest Growing Job Skill in America 



Only NRI teaches you 
to service and repair 
all computers as you 
build your own 16-bit 
IBM-compatible micro 
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As computers move into 
offices and homes by the millions, 
the demand for trained computer 
service technicians surges forward. 
The Department of Labor estimates 
that computer service jobs will 
actually double in the next ten 
years— a faster growth than any 
other occupation. 

Total System Training 

As an NRI student, you'll get 
total hands-on training as you 
actually build your own Sanyo 
MBC-550-2 computer from the 
keyboard up. Only a person who 
knows all the underlying funda- 
mentals can cope with all the 
significant brands of computers. 
And as an NRI graduate, you'll 
possess the up-to-the-minute 
combination of theory and practical 
experience that will lead you to 
success on the job. 

You learn at your own con- 
venience, in your own home, at 
your own comfortable pace. With- 
out classroom pressures, without 
rigid night-school schedules, 
without wasted time. Your own 
personal NRI instructor and NRI's 
complete technical staff will 
answer your questions, give you 



New from NRI — the only home study course that 
trains you as you assemble a top-brand computer! 



~sn 






After you construct this 
digital logic probe, you'll 
install the "intelligent" 
Sanyo detached keyboard, 
with its dedicated 
microprocessor. 



You next assemble the 
power supply into the 
main unit of the computer. 
Using the digital multi- 
meter, you check all 
keyboard connections 
and circuits. 



After you install the disk 
drive and monitor, you'll 
make a backup copy of the 
MS-DOS operating disk, 
explore the 8088 microchip 
and additional circuits. 



guidance and special help whenever 
you may need it. 

The Exciting Sanyo MBC- 
550-2— Yours To Keep 

Critics hail the new Sanyo as 
the "most intriguing" of all the 
IBM-PC compatible computers. It 
uses the same 8088 microprocessor 
as the IBM-PC and the MS/DOS 
operating system. So, you'll be able 
to choose thousands of off-the-shelf 
software programs to run on your 
completed Sanyo. 



As you build the Sanyo from 
the keyboard up, you'll perform 
demonstrations and experiments 
that will give you a total mastery of 
computer operations and servicing 
techniques. You'll do programming 
in BASIC language. You'll prepare 
interfaces for peripherals such as 
printers and joysticks. Using utility 
programs, you'll check out 8088 
functioning. NRI's easy step-by-step 
instructions will guide you all the 
way right into one of today's fastest 
growing fields as a computer 




service technician. And the entire 
system, including all the bundled 
software and extensive data 
manuals, is yours to keep as part 
of your training. 

How the pro computer 
critics rate the 
Sanyo SSO: 

"Sanyo BASIC is definitely 
superior to IBM Microsoft . . Jets 
you use two or three keystrokes for 
entering BASIC commands. " 

-MICROCOMPUTING Magazine 

". . . compares favorably with 
the IBM PC, even surpassing it in 
computational speed. . . " 

-COMPUTERS & 
ELECTRONICS Magazine 



Your NRI Course Includes a Sanyo MBC- 
550-2 Computer with 128K RAM, Monitor, 
Disk Drive, and "Intelligent" Keyboard; 
The NRI Discovery Lab >; , Teaching Circuit 
Design and Operations; a Digital 
Multimeter; Bundled Spread Sheet and 
Word Processing Software Worth $1500 
at R eta if — and More. 



"I went to have a look at the 
MBC-550. . .what I found made 
me an owner the next day 1 " 

—Bill Sudbrink, 
BYTE Magazine 

100-Page Free Catalog 
Tells More 

Send the postage-paid reply 
card today for NRI's big 100-page 
color catalog, which gives you all 
the facts about NRI training in 
Microcomputers, Robotics, Data 



Communications, TV/Video/ 
Audio Servicing, and other grow- 
ing high-tech career fields. If the 
card is missing write to NRI at the 
address below. 



SCHOOLS 

McGraw-Hill Continuing Education Center 

3939 Wisconsin Avenue, NW 

Washington , DC 20016 "j \ $ 

We'll Give You Tomorrow. litlil 

IBM is a Registered Trademark of International 

Business Machine Corporation. 



m 

DJ 
3J 
C 
> 

to 

00 



11 



Ask RE 



WRITE TO: 

ASK RE 

Radio-Electronics 
200 Park Ave South 
New York, NY 10003 
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BUILDING A JOYSTICK 
I'm building a robot, and I want to 
control it with a joystick or ball-type 
control like the ones used on many 
video games. I'd like to build my 
own. Can you help? — H. M., Palmet- 
to, SC. 

From your question, we'll as- 
sume that you are most interested 
in the analog types. Those offer a 
greater degree of control than the 
switch-closure type (the latter are 
used primarily by some types of 
video games), and are simple elec- 
trically, but mechanical con- 
struction requires a little skill and 
ingenuity. They are designed so 
that their motion increases or de- 
creases the resistance of one or 




FIC, l 



more potentiometers. Which po- 
tentiometers are affected is deter- 
mined by the direction of the 
motion. 

The mechanical design of a sim- 
ple joystick is illustrated in Fig. 1. 
That design originally appeared in 
the British magazine Wireless 
World, The potentiometer used 
for side-to-side motion is fixed to 




FIG. 2 
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FIG. 3 



the chassis or control box. The 
joystick is fastened to the body of 
the second potentiometer by its 



mounting nut. The shafts of the 
two potentiometers are drilled 
and fastened together by a small 
nut and bolt. 

A more elaborate design, from 
the Argentinian magazine Revista 
Telegrafica Electron ica, appears in 
Fig. 2. A total of four potentiome- 
ters are used to vary resistance in 
two circuits with side-to-side mo- 
tion, and in two other circuits with 
fore-and-aft motion. 

We can't help you with the con- 
struction of a trackball, but you 
might be able to substitute one of 
the thumb-operated designs 
shown in Fig, 3. Those designs are 
from Radio (Czechoslovakia). 

Take care in selecting the poten- 
tiometers. Most have a rotation of 
about 270 degrees, but joysticks 
usually limit motion to about 45 
degrees from the neutral or center 
position. Naturally, you'll want to 
use linear potentiometers so that 
equal deviations from the "neu- 
tral" position produce equal 
changes in resistance. 

FREQUENCY AND PERIOD 
I know what a sinewave is, but I 
don't understand the difference be- 
tween frequency and period. How 
are they related? — N. J. S., Green- 
bo ro, NC. 

Frequency is the number of cy- 
cles that occur per unit of time. A 
complete cycle is measured be- 
tween two successive points on 
the waveform that have the same 
amplitude and direction. For ex- 
ample: The time between two suc- 
cessive positive peaks, or between 
two successive positive-going zero 
crossings, constitutes one cycle. 
Until about 20 years ago, cycles 
per second was the unit in which 
frequency was specified. 

But that term has been almost 
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Name Brands at Lowest Cost 




OUR 
PRICES 



A.W. SPERRY 20 MHz 

DUAL TRACE r 
SCOPE 



; 



Probes 
included. 




,Mi 



vm 



• Special buitt-in Component Checker circuit 
alkws voltage vs. current characteristics of 
de-energized circuits to be viewed Saves 
hours locating detective components 



Model 620-C 



$39095 



FLUKE HANDHELD, 4 1 /a 
DIGIT MULTIMETER 



• RMS measurements lor 
AC signals to 100 
kHz. • Frequency to 200 
kHz. • Resistance to 
300M ohm • .04% 
Accuracy. 




Model 8060A 



$325°° 



(Reg $349.) 



HITACHI 35 MHz 1MV/D IV 
DUAL-TRACE PORTABLE SCOPE 



Probes 



KM 



\ 






■ Thirt light, compact design • Featues large 
6" rectangular, internal ojalfcute CRT. • % 
calibrations • Autotocus • Photographic bezel. 



Model V-355 



$599 95 



[Reg $899.95) 



SIMPSON METER AC/DC 
VOLTS/AMPS RESISTANCE 



• 28 time proven 
ranges • Direcl 
dial reading 

• Multi-purpose 
test leads with 
combination probe 
and alligator clips 

Complete with 

batteries. 

lesl leate manual I 



B&K 60 MHz TRIPLE-TRACE 
SCOPE 




• 1 nvV/dtv sensitivity * 22 calibrated 
sweeps • Rectangular CRT with internal 
graticule • Delayed sweejtfJual time base 



Model 1560 



$899 95 



(Reft $1150] 



Model 260' 



7$109 95 



XCEUTE ATTACHE TOOL KIT 



•Contains 53 

individual tools, 

31 Series 99 

interchangeable 

screwdriver/ 

nutdriver blades 

and handles, 

and 2 specialized 

screwdriver/ 

nutdrivet sets 

and kits Case 

[19ft x '13»x'6W. 

|Reg. $499,951 <.« 7 «qi: 

Model TCM-100/ST *0 1 S 




HITACHI 100 MHz QUAD- 
TRACE DELAYED SWEEP 
SCOPE 



• Low halation 
dome mesh 6" 

rectangular CRT 
wilh internal 
graticule 

• 500 uV/div high' 
sensitivity deskjn 

• Delayed sweep 
(unction 




Probes included 



(Reg $1960] 

Model V-1050F$T249 95 





UNGAR hot vac, 

DES0LDERING 
SYSTEM 

1 

• Sell- Contained. 
Super-Quiet Air 
Pump. • Variabie 
solid-state control 
adjusts tip 
temperature from 
500' - 1QTJITF. 
• Transient spikes fully suppressed tor safe 
desoldefing of voltage-sensitive components. 

Model 4000-U*419 95 (Reg $599.95) 



WELLER WTCPR CONTROLLED 
OUTPUT SOLDERING STATION 



• Unique 'Closed 
Loop' method of 

controlling 

maximum tip .^s^^ 

temperature ,^ ~^^ 

protects 

temperature 

sensitive 

components • Grounded tip protects voltage 

and current sensilive components 



Model WTCPR 



$7095 



each. 



SEND FOR OUR LATEST 

FREE 
CATALOG 




WELLER 

SOLDERING STATION 



• Variable tip 
temperalure from 
350' toBSf/F. 

• Plug- in soldering 
irons * Large digit 
LED display for 
accurate setting 




Model EC2000 



$169 95 






645-9518 



In NY State: 



800-832-1446 



Fordham 



ffiP 



(Telephone Orders Accepted} 



260 Motor Parkway, Hauppauge, NY 1 1788 



Service t Shipping Charge Schedule 


Continental U.S.A. 




FOB ORDERS 


ADD 


825-100 .. . . 


- S4 50 


S101-250 


SB.OO 


S251-50O 


. S8.00 


S501-75O 


SI 050 


S75I-1.000 


SI 2,50 


SI. 001 -1500 


St 6.50 


SI. 501-2000 


. S20.00 


S2.0C1 and Up. 


S 2 5.00 
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universally replaced by hertz — a 
unit equal to one cycle per sec- 
ond. We said almost universally 
because, while most of us use 
hertz, kilohertz, megahertz, etc., 
in connection with RF, some still 
refer to the 60-cycle power line, etc. 
Whereas frequency refers to the 
number of events in a given period 
of time, the period of a signal is 
simply the amount of time re- 
quired for one complete event to 
occur. The symbol for period is J, 
which represents time. Frequency 



and period are reciprocals, so the 
higher the frequency, the shorter 
the period, and the longer the 
period, the lower the frequency. 
Frequency and period are related 
by these formulas: 

T<sec) = 1 4- f(Hz) 
f(Hz) = 1 + T(sec) 

For example, a signal with a fre- 
quency of 20 kHz has a period of 
1/20,000, or 0.00005 sec. A signal 
with a period of 12.5 u-s has a fre- 
quency of 1/0.0000125, or 80 kHz. 



ELENCO PRODUCTS AT DISCOUNT PRICES! 



IEEE 




DIGITAL LCR METER 

Measures Inductance, Capacitance and Resistance 

At lop: 1 Art LCR meter lhai everyone can afford. Mow you can measure coils, 
transformers, chokes Irom i,u H to 200 H. capacitors from ,1 old to 200 mfd and 

resistors from ,01 ohms to 20 megohms. All in one handheld instrument, 

SPECIFICATIONS . 

HsrtQfl ■ 200 pF, J nF, 30 nF, 200 nF, 2 uf , 20 yF, 200 M F 

Resolution * OVl pF. 1 pF, 10 pF, 100 pF, 1 nF. 10 nl= 100 nF 

Accuracy « < 0.5 yF n\2V* + 1 tigl) > 0,5 pf ±(3tt + 1 dpt) 

InducUnc* 

RanrjH ■ 2 mH 20 mH. 200 mH, 2 H. 20 H. 200 H 

Revolution ■ 1 yH. 10 &, 100 fM, 1 mH. 10 mH, 100 mH 

Accura cy > < QJ H +f3% + 1 dfltt > 0J H ± CStt ♦ 1 dflO 



KwlHirte* 

ftange • 20, 200, 2 K 20 K ZOO k> 2 M, 20 MS 

Ftasaiuiion * it, .1, 1; 10, too, ■ k. id kq 

Accuracy KIMfl ±m ■+ 1 dpt 



GF-8016 Function Generator 

with Freq. Counter 




s 229 



• Sine, Square, Triangle, 

• Pulse, Ramp, .2 to 2 MHz 

• Frequency .1 thru 10 MHz 



GF B015 without Freq. Meter '169 




AC Current Meter 



'98 



Model 
ST-1000 



* Reads 20, 200, 1000 A 

■ DC S AC Volts. Resistance 

* 3Vi LCD Digits 

* Deluxe Carry Case 




AC Current Meter 



s 48 



Model 
ST- 310 



■ Reads 300 Amps (5 ranges) 

■ DC s AC Volts. Resistance 
• Case & Leads Included 



20 MHz Dual Trace Oscilloscope 




Model 
M0-I251 



— — I W-' I -^tj • 2 Year Guarantee 
•F711S. - -L""Jfl * 2 Probes Included 

MO-1252 35 MHz Dual Trace s 550°° 



True RMS 4Vi Digital Multimeter 

I W%J M-7000 



■ .05% DC Accuracy 

• ,1% on Resistance 

• 5% True RMS AC 

-.5% Freq. Counter 1-200 kHz 

• Deluxe Case Included 





ft*'* 



3Vi Digital Multimeter 

SOC Model 
£m*J M1600 

• 1% DC Accuracy 

• 1% on Resistance 

• 1.5% AC Accuracy 
■ Reads 10 DC Amps 



C&S SALES, 8744 W. North Ter. 
Niles, IL 60648 • (312) 459-9040 



V^l 






z 



15 DAY MONEY 
BACK GUARANTEE 



2 Year Limited Guarantee! Add 5% (or Postage ( s 10 Max,}, III. Res., 7% Tax 
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WHAT ARE THOSE BANDS? 
A friend claims that his police-radar 
detector is superior to mine because 
his operates on the K-band, while 
mine operates on the X-band. What's 
the story on those bands? Where did 
they get their names, and what fre- 
quencies do they cover? — E. R., Ben- 
netsville, SC. 

During World War II, the Allies 
used various frequencies in the 
UHF and microwave bands for a 
variety of secret military applica- 
tions. For secrecy, each band was 
identified by a letter. Some of 
those bands, and the frequencies 
and wavelengths associated with 
them, are shown in Table 1. 

For years, police radar operated 
on the S-band. Equipment was ex- 
pensive, bulky, and heavy (about 
250 pounds). Usually, it was in- 
stalled in a van, a truck, or a spe- 
cially equipped automobile. 

Later, radar was moved to the X- 





TABLE 1 


VHF AND MICROWAVE BANDS 


Band 


Frequency 


Wavelength 


P 


225—390 MHz 


133.3— 76.9 cm 


L 


390—1500 MHz 


76.9— 19.3 cm 


S 


1.5— 6.2 GHz 


19.3—5.7 cm 


C 


3.9—6.2 0Hz 


7.69—4.84 cm 


X 


5.2--10.9 GHz 


5.77—2.75 cm 


K 


10.9—36 GHz 


2.75—0.834 cm 


Q 


36-^t6 GHz 


0.834—0.652 cm 


V 


46—56 GHz 


0.652—0.365 cm 



band. The higher frequency made 
less expensive, more compact 
equipment possible. Radar units 
could be mounted on a tripod, or 
clamped to the window or rain 
gutter of a patrol car parked beside 
the road. Later X-band devices 
were hand-held. In either case, X- 
band radar had to be operated 
from a stationary position; it can- 
not be used if the operator is in 
motion. 

The next advancement was the 
development of K-band equip- 
ment, which allows the operator 
to make speed measurements 
while he is either stationary or in 
motion. Also, it can be used to 
measure the speed of both on- 
coming vehicles and vehicles trav- 
eling in the same direction as the 
operator. Thus, K-band equipment 
has the advantages of low cost, 
light weight, and maximum ver- 
satility. Because of those reasons, 
it is used by many city, coun- 
ty, and state police departments. R-E 
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MODEL 2000 20MHz 
DUAL TRACE 



$ 549 

MODEL 3500 35MHz 
DUAL TRACE DELAYED SWEEP 



AT A DOWN TO EARTH PRICE 
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At last! Truly affordable test equipment with no compromise in design, and features 
you would expect to find only on oscilloscopes costing hundreds of dollars more! JDR 
Instruments presents two, new, high-performance models backed by a two year 
warranty and technical support which is only a phone call away. Perfect for the 
technician or advanced hobbyist, both models feature Dual Trace capability and a 
variety of operating and triggering modes, including CH-B Subtract and X-Y operation. 

MODEL 2000 has a 20 MHz I ■■■ MODEL 3500 features a 35 

bandwidth and 20 calibrated |4P*T4 I MHz bandwidth and exceptional 

sweeps ranging from .2s to ,2/iS. KV!SSm^^ ImV/DIV sensitivity. Delayed 

A convenient built-in component ft^^flK^ I sweep and variable holdoff allow 

tester provides additional , ., I stable viewing of complex 

diagnostic power. ^QQQgQgg| | waveforms. 
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ORDER TOLL FREE 
800-538-5000 
800-662-6279 ( ca> 



JDR INSTRUMENTS 

1224 South Bascom Avenue 
San Jose, California 95128 (408) 995-5430 



COPYRIGHT 1985 JDR INSTRUMENTS EARTH PHOTO COURTESY OF NASA 
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MtCRODEVICES JDR INSTRUMENTS IS A TRADEMARK OF JDR MICP.ODEVICES 
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PLYWOOD SATELLITE-TV DISH 

The article, "A Plywood Satellite- 
TV Dish," by David J. Sweetnam, 
which appeared in the October 
1985 issue of Radio-Electronics, 
contains several serious errors that 
affect the design and gain com- 
putation of the lens. 

The equation for the nth zone 
radius that is presented as r n 2 = 
ndX should be r n 2 = nd\ + 
0,25n 2 X 2 . In both equations, d is 
the focal length and X is the wave- 
length. See p. 337 of Introduction 
to Electricity and Optics, by N . H . 
Frank (published by McCraw Hill), 



for the derivation of the equation. 

Rearranging things we see that d 
= (r n 2 /nX) - 0.25nX, rather than 
what was stated in the article, d = 
r n 2 /(nX). The only explanation I can 
think of for the difference is that 
an approximation was used. That 
approximation is valid for light — 
where X is much smaller than d — 
but not for microwaves. 

The amplitude of the signal from 
each zone is proportional to the 
zone area (which is not the same 
for each zone if the radii are com- 
puted properly.'! and inversely pro- 
portional to the square of the 



distance from the zone to the focal 
point, or: 

An 

A, 

1+(X/|J) 
1 



feH^SP) 



(i + (*s9i)( 



■+tf 



It is not true that "gain varies 
without regard to the diameter of 
the lens." Given a wavelength and 
a lens diameter, there is an op- 
timum number of zones. That 
number may be determined by 
computing the gain for an increas- 
continued on page 22 
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Our H MHz Function Generator 
has an unlimited range. 




Model 20 not only covers the .002 
to 2.1 MHz frequency range, it covers 
the world. With internal NiCad bat- 
teriesr you can take Model 20 
anywhere and get triggered, gated or 
continuous waveforms— sines, 
squares, and triangles up to 20 volts 
peak to peek. It recharges from wall 
transformer [included] or external 
source from 12 to 25 VDC or 1 to 
1 8 VAC. Model 20 also has many of 
the features you would expect from 
the industry leader in function gener- 
ators, including VCG input connector 
for external sweep or FM, step 
attenuator to - 80dB, and a TTL 
pulse output. The price is just $395. 
For a data sheet or to order, call or 
write Wavetek San Diego, P.O. Box 
B5265, 9045 Balboa Ave., San 
Diego, CA 921 3B. Phone [61 91 
279-2200; TWX [910] 335-2007. 
'Batteries not included. 

mm 
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WESTON fflB Non-Linear Syst.mi 



SLpJ BSswsmi LEADER 
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SERIES 



MULTIMETERS 



M 



BECKMAN'S 

CIRCUITMATE 

ALL UNDER $100 



® 



AVAILABLE NOW. 




• 0.3% Accuracy 

• Manual or 

Autorange 

10A + mA Range 

• Beeper 

• "Touch-Hold" 

Function 
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! 64 



95 



Clrcultmate DM 20— 
3'A-dlQtt, pochet-size 
multimeter; 0.8% Vdc 
accuracy, diode test, 
hFE test, conductance, 
10 amps AC and DC 
ranges, auto- polarity 
auto-zero, auto- 
decimal 



$ 79 



95 



75 
73 



89 9S 
69 95 
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WE CARRY A FULL 
LINE OF FLUKE 
MULTI-METERS. 

IN STOCK NOW 

SALE ENDS Feb.28 



1 DYNASCAN 

CORPORATION 




Circultmate DM-25— 
3Vi digit, pocket-size 
multimeter; 0.5% Vac 
accuracy, diode test, 
capacitance, continuity 
beeper, conductance, 
10 amps AC and DC 
ranges, auto-polarity, 
auto-zero, auto- 
decimal 




■69 



95 



Circultmate DM-40 — 
3Vi-dlgit multimeter; 
0.8% Vdc accuracy, 
diode test, auto- 
polarity, auto-zero, 
auto-decimal 



! 89 



95 



Clrcuitmate DM 45 — 
3 Vi -digit multimeter; 
0.5% Vdc accuracy, 
diode test.contlnulty 
beeper, 10 amps AC 
and DC ranges, auto- 
zero, auto-polarity, 
auto-decimal 
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100 MHz Dual Time Base 

SCOPE MODEL 

1590 



BREAKS THE PRICE BARRIER 
WITH THESE HIGH PERFORMANCE 
OSCILLOSCOPES 

100 MHz Dual Trace/ 
Dual Time Base 

• 1 mV/div sensitivity 

• 23 calibrated sweeps 

• Rectangular CRT with Internal 
graticule and scale Illumination rjoes not include probes 

• Signal Delay Line ($60.00 a pair when purchased with scope) 




INDUSTRIAL 

TRANSISTOR 

TESTER 



$21995 





MODEL 
520B 

Now with HI LO Drive 

Works in-clrcult when 
others won't 

Identifies ail three tran- 
sistor leads 

Random lead connection 

Audibly and visually in- 
dicates GOOD transistor 







PfllCE DOES NOT 
INCLUDE PROBES 

* ImWdlvision sensitivity to 70 
MHz 

* 500 AVWIvision cascade 

sensitivity 

* Four-Input operation provides 
trigger view on 4 separate inputs 

* Alternate time base operation 

* Switching power supply delivers 
best efficiency and regulation al 
lowest weight 



QUANTITIES ARE LIMITED 



H 



TOLL FREE HOT LINE 

800-223-0474 



212-730-7030 



ADVANC 
ELECTRONIC 

26 WEST 46th STREET, NEW YORK, N.Y. 10036 




CIE MAKES THE 
WORLD OF 

ELECTRONICS 
YOURS. 



TM oday's world is the world of electronics. 
To be part of it, you need the right kind of 
training, the kind you get from Cleveland 
Institute of Electronics, the kind that can take you 
to a fast growing career in business, aerospace, 
medicine, science, government, communica- 
tions, and more. 

Specialized training. 

You learn best from a specialist, and that's CEE. 
We're the leader in teaching electronics through 
independent study, we teach only electronics and 
we've been doing it for over 50 years. You can put 
that experience to work for you just like more than 
25,000 CIE students are currently doing all 
around the world. 

Practical training.. 

You learn best with practical training, so CLE's 
Auto-Programmed® lessons are designed to take 
you step-by-step, principle-by-principle. You also 
get valuable hands-on experience at every stage 
with sophisticated electronics tools CIE-designed 
for teaching. Our 4K RAM Microprocessor 
Training Laboratory, for example, trains you 
to work with a broad range of computers in a 
way that working with a single, stock computer 
simply can't. 

Personalized training. 

You learn best with flexible training, so we let you 
choose from a broad range of courses. You start 



with what you know, a little or a lot, and you go 
wherever you want, as far as you want. With CIE, 
you can even earn your Associate in Applied 
Science Degree in Electronics Engineering 
Technology. Of course, you set your own pace, 
and, if you ever have questions or problems, our 
instructors are only a toll-free phone call away. 

The first step is yours. 

To find out more, mail in the coupon below. Or, if 
you prefer, call toll-free 1-800-321-2155 (in Ohio, 
1-800-362-2105). We'll send you a copy of CIE's 
school catalog and a complete package of enroll- 
ment information. For your convenience, we'll 
try to have a representative contact you to answer 
your questions. 



CIE 



Cleveland Institute of Electronics 

1776 East 17th St. .Cleveland, Ohio 44114 



YES! I want to get started. Send me my CIE school catalog 
including details about the Associate Degree program. 



Print Name . 



Address, 



City. 
Age. 



State 



.Apt. _ 
Zip. 



Area Code/ Phone No. 



Check box for G.I. Bulletin on Educational Benefits 
□ Veteran □ Active Duty MAIL TODAY! 

OR CALL TOLL FREE 

1-800-321-2155 

(In Ohio, 1-800-362-2105) RE-27 
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ing number (by two) of zones until 
a maximum gain is achieved. The 
proper technique is, given the di- 
ameter, D, and the wavelength, k, 
assume n zones, and then com- 
pute the focal length: 

d = ((D/2)2/nX.) - 0.25n\. 

Note that r ri = D/2 in the same 
units. Then i i may be computed as 
r; = idX + 0.25i 2 X 2 for i = 1 to n -1. 
Cain may then be calculated as C 
= 20 log-,0 SA| for i = 1 to n. 

Gain calculated thus is consider- 
ably less than that claimed by the 
article, as is the focal length. For 
an 8-foot lens with X = 8.108 cm 
and n = 20, d should be 51.12 cm 
and the gain should be 21.9 dB, 
rather than 91.83 cm and 26.0 dB. 

An 8-foot lens for \ = 8.108 cm 
and d = 91.83 cm, with zones ar- 
ranged as suggested in the article, 
will result in a gain of only 9.1 dB. 
The reason for that low gain is that 
the zones do not properly match 
the phase distribution of the in- 
coming signal at the lens, relative 
to the focal point. The feedhorn 
will actually see portions of 15 
zones walking progressively in and 
out of phase with the 20-zone lens. 
If zones 7, 9, and 15 of the 20-zone 
lens are blocked, then the gain 
should actually increase to 14.6 dB. 
The gain for an 8-foot parabolic 
dish would be about 36.9 dB. 
SAM M. STRICKLAND 
Bellevue, WA 

BEEFED-UP BENCH SUPPLY 

I read with interest Mr, Vaughn 
Martin's bench power-supply arti- 
cle in the October 1985 issue Ra- 
dio-Electronics, I've been a techni- 
cian for about seven years, and I 
would like to build such a supply 
for my home bench, but with the 
high-current option Mr. Martin 
mentions. 

I think that, in addition to Mr. 
Martin's instructions for increas- 
ing power output — -using a higher- 
current transformer and higher- 
current output transistors (Q1 , Q3, 
Q5, Q7) — it might also be neces- 
sary to use lower-value, higher- 
power resistors for R37, R27, R9, 
R18. 

continued on page 104 
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THE WIRELESS TELEPHONE TRANSMIT- 
TER model WTT-20 is only the size of a dime, 
yet transmits both sides of a telephone con- 
versation with crystal clarity. Completely au- 
tomatic. Uses power from the telephone line 
itself. Never needs a battery! Up to W mile 
range. Use with any FM radio. Complete kit 
only $29.95. Tax included. VISA and Master- 
Card accepted. FREE SHIPPING. DECO IN- 
DUSTRIES. Box 607, Bedford Hills. NY 
10507. (914) 241-2827. 
CIRCLE 127 ON FREE INFORMATION CARD 




UNIQUE ELECTRONIC KITS— Kits come 
complete with materials required to build a 
professional looking product that you will be 
proud of. Kits also come. with attractive en- 
closures. Some exciting kits offered are: Fi- 
ber Optics $29.95, Touch Control and Switch 
$24.95, Wireless Microphone $19.95, Guard- 
All Jr. Security Alarm $19.95, Outlet Tester 
$9.95, Power Supply PS-1 $39.95, and more. 
ALARMS, KITS & DEVICES, P.O. Box 200, 
Fredonia. PA 16124. (412) 962-9231. 
CIRCLE 271 ON FREE INFORMATION CARD 
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TVRO RECEIVER ON A BOARD fully tested 
and assembled. Super reception 7db thresh- 
old!! Includes weather sealed downconverter 
$125.00. In cabinet $165.00. Quantity dis- 
counts. Schematics only $10.00. C band 
feeds. Yushica positively the best we've ever 
seen. Whatever you have, replace it, $65.00. 
Private labels welcomed (50 units). 800-448- 
TVRO, SAUCER CITY. Office B7-B, 931 S. 
Ridgewood Ave., Edgewater, Fl 32032. 
CIRCLE 276 ON FREE INFORMATION CARD 




ZENITH SSAVI DESCRAMBLERS only 
$169. Gated Pulse $189; Sinewave $199 
each. Reconditioned original equipment for 
UHF chs. 23,27,31.38,51,54,57,68. etc. 
Quantity discounts. Surplus TV equipment: 
Oak N-12, Zenith Z-Tac, Hamlin 
1200, etc. Catalog $1. 10 day satisfaction 
guarantee & 90 day warranty. AIS SATEL- 
LITE, P.O. Box 1226-E, Dublin, PA, 18917. 
1-800-643-2001 or 215-249-9411. 
CIRCLE 268 ON FREE INFORMATION CARD 




CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6x rate $745.00 per each insertion. 

• Reaches 225,379 readers. 

• Fast reader service cycle. 

• Short lead time for the placement of 
ads. 

• We typeset and layout the ad at no 
additional charge. 

Call 212-777-6400 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini-ADS. RADIO-ELECTRONICS, 200 
Park Ave. South. New York, NY 10003 
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HOBBY KITS THE ERECTOR SET " of linear 
electronics. Modules from $4.95 to S49.95. 
Build basic circuits: 2 W audio amplifier 
(AFA-1, $4.95), tone decoder (PLL-1, S6.95), 
to more complex: VHF Converter {using 4 
modules. S27.80). QRP Transceiver (using 6 
modules as shown. S38.70), HF SSB Trans- 
ceiver (using 14 modules, $140.30). Add 
S2.50 for S&H. SEND $1.00 for diagrams, 
$5.00 for full manual. MORNING DIS- 
TRIBUTING CO., P.O. Box 717, Hialeah, FL 
33011 (305) 884-8686. 

CIRCLE 71 ON FREE INFORMATION CARD 




R&D SHEET METAL WORKER— New multi- 
purpose Shear, Brake and Roll now with 6" 
male dies, removable and removable female 
dies. A complete in-house shop at 1 '3rd the 
cost. Over 20 years development/sales 
worldwide in industry, government and edu- 
cation. Free literature or $2.00 for "Guide to 
Sheet Metal Working." PACIFIC ONE COR- 
PORATION, 513 Superior Ave., St. 52, New- 
port Beach, CA 92663 (714) 645-5962 Telex 
4996168. 
CIRCLE 118 ON FREE INFORMATION CARD 




THE MOST EXCITING KIT YOU WILL EVER 
BUILD The model WAT-50 miniature FM 
transmitter uses a 4-stage circuit NOT to be 
confused with a simple wireless microphone. 
Up to 1 mile range. So sensitive, it will pick-up 
a whisper 50 feet away! Use with any FM 
radio. Complete kit only $29,95 tax incl. VISA 
and MasterCard accepted. FREE SHIP- 
PING DECO INDUSTRIES, Box 607, Bed- 
ford Hills, NY 10507. (914) 241-2827. 
CIRCLE 127 ON FREE INFORMATION CARD 
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ELECTRO IMPORTING CO. CATALOG. 

This reprint of the historic 176-page catalog 
No. 20 gives you an accurate look at the state 
of electronics in 1918. Contains everything 
(rom a Zinc Spark Gap to a 1 000-Mile Receiv- 
ing Outfit. You can get your own copy of this 
modern antique, profusely illustrated, for only 
$4.95 plus $1 .00 P&H. Order yours from R-E 
BOOKSTORE, Radio-Electronics, 200 
Park Avenue South, New York, NY 10003. 



DELTAX DUAL TRACE OSCILLOSCOPES 
WITH PROBES DX5020 20MHz S379.95. 

Built in component tester 5MV to 20V/DIV 0.2 
microsec. to 0.5S/DIV, Risetime less than 
17ns one year limited warranty. Also available 
DX5035 35MHz $527.00 DX5045 45MHz 
$789.95 DX5015S 15MHZ AC DC S4 79.95. 
CA. residents add 6.5% tax. Shipping $8.50. 
Money orders, checks accepted. DELTAX 
DYNAMIC INC., 20955 E. Lycoming St., 
Walnut, Calif. 91789. Tel. (714) 594-7131. 
Telex: 503749 DELTAX. 
CIRCLE 259 ON FREE INFORMATION CARD 




CORDLESS TV TRANSMITTER. This unit, a 
miniature video transmitter, conveniently 
transmits UHF signals to remote television 
locations within a 200' range. Signal inputs 
from VCR, Video Game, Satellite Receiver, 
Video Camera, or Micro Computer. When or- 
dering select an open UHF channel for your 
area. CH 14, 19. 25, or 27. $89.95 plus $4.00 
S&H. Visa'MasterCard call 1-800-522-2636 
orders only, 617-871-5611 for information. 
CAMEO ENTERPRISES, INC., P.O. BOX 63, 
Accord, MA 02018. 
CIRCLE 269 ON FREE INFORMATION CARD 
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SATELLITE TELEVISION RECEIVER 
SEMIKIT with dual conversion downcon- 
verter. Features infrared remote control tun- 
ing, AFC. SAW filter, RF or video output, 
stereo output. Polorator controls, LED chan- 
nel & tuning indicators. Install six factory as- 
sembled circuit boards to complete. Semikit 
$250.00, Completed downconverter add 
$75. Completed receiver and downconverter 
add $100. JAMES WALTER SATELLITE RE- 
CEIVER, 2697 Nickel, San Pablo, CA 
94806. Tel. 415-724-0587. 
CIRCLE 124 ON FREE INFORMATION CARD 




SUBSCRIPTION TV MANUAL This infor- 
mation packed book details the methods 
used by subscription TV companies to 
scramble and descramble video signals. 
Covers the Sinewave, Gated Pulse, SSAVI 
system, and the methods used by most cable 
companies. Includes circuit schematics, the- 
ory, and trouble shooting hints. Only $12.95 
plus $2.00 first class P&H. ELEPHANT 
ELECTRONICS INC., (formally Random 
Access) Box 41770-R, Phoenix, AZ 85080 
CIRCLE 120 ON FREE INFORMATION CARD 






SINGLE AND DUAL TRACE Scopes, Ana- 
log and Digital Multimeters, Power Supplies, 
High Voltage and Low Cap. Probes 
RF and Sine. Square Wave Generators, Digi- 
tal Capacity Meters. Available at your local 
distributor. EMCO ELECTRONICS, P.O. Box 
327, Plain view, NY 11803. Send for your free 
catalog. 

CIRCLE 279 ON FREE INFORMATION CARD 
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EARTH-STATION RECEIVERSare 

available in single (model ESR424, 
shown in photo) or block (model 
ESR 424B) conversion models. 

The model ESR 424 has infrared 
remote control for the con- 
venience of armchair viewing, and 
also offers audio-seek tuning (to 
locate favorite audio channels au- 
tomatically), easy-to-read fluores- 
cent display, and a redesigned 
weatherproof down converter. It 
also provides descrambler com- 
patibility through a bottom-panel, 



clamped/undamped video switch. 
The model ESR 424 is priced at 
$699.00. 

The model ESR 424B adds multi- 
channel capability to the model 
ESR 424 package. Using a 950-1450 
MHz IF output frquency, the 
block-conversion model features 
dual input switching to eliminate 
the need for external relays or 
switching splitters. It is priced at 
$759.00.— R. I. Drake Company, PO 
Box 112, Miamisburg, OH 45342. 
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SURFACE-MOUNT TEST CLIPis 20- 

conductor size, with a new design 
that enables all four sides of the 
clip to open simultaneously. Its 
narrow body design allows com- 
ponents to be tested with as little 
as .100" lead-to-lead spacing. It is 
side-stackable at .200" lead-to-lead 
spacing. The clip has a helical com- 
pression spring and insulating 
contact combs, which ensure con- 
tact integrity when testing. The 
probe access points are imme- 
diately visible for fast and safe indi- 
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vidual testing. In addition, stag- 
gered contact rows on .100" 



centers permit easy probe attach- 
ment and help prevent accidental 
shorting of adjacent probes. 

The test clip is available in al- 
loy—part number 923670-20, with 
a suggested retail price of $19.95, 
and in gold — part number 
923675-20, with a suggested retail 
price of $25.90.— AP Products, ln- 
coporated, 9325 Progress Parkway, 
PO Box 540, Mentor, OH 44060. 

POWER SUPPLIES, the XT Series, 
are 60-watt linear power supplies, 
offering six voltage and current 
ranges in single, dual, triple, and 
quad configurations. The DC sup- 
ply series is designed for laborato- 
ry, university, service, and other 
benchtop operations; they may 
also be used in control systems 
and ATE applications. 

Voltage and current may be dis- 
played simultaneously on front- 
panel LED readouts. Analog LED 
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bar-graph displays are also used 
for easy monitoring of transient 
changes under varying loads. 
Other controls include a ten-turn 
potentiometer for precise setting 
of output voltage, and a constant- 
current/current-limiting control 
that is adjustable from zero to 
rated output. Output connections 
are provided by five-way binding 
posts for dual-banana plugs, with 
or without saftey ground. 

The XT Series has automatic 
crossover from current to voltage 
mode when current exceeds the 
preset limit. Crossover is identi- 



Electricity and water don't mix. At 


All the Heavy Duty series 
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meters measure up to 1000 volts 


You'll find these features in 
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fied by LED indicators and op- 
tional audio tone indicator. 

The XT Series is priced as fol- 
lows: 

The single-output model XTS is 
priced at $450.00. 

The dual output model XTD is 
priced at $800.00. 

The triple output model ATT is 
priced at $1175.00. 

The quad output model XTQ is 
priced at $1575.00. — Sorensen 
Company, 676 Island Pond Road, 
Manchester, NH 03103. 

SCANNER PLUS, the model Z60, is 
not only a sophisticated scanner 
radio, but a digital alarm clock as 
well. The scanner monitors 60 
channels and 7 public-service 
bands (including VHF-Aircraft), 
plus the standard FM broadcast 
band. When the alarm is activated, 
listeners can wake up to their fa- 
vorite FM music program, and 
then switch to police or fire calls, 
aircraft communications, amateur 
radio transmissions, and up-to- 
the-minute broadcasts from the 
National Weather Service. 
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The model Z60 has a suggested 
retail price of $379.95. — Regency 
Electronics, Inc., 7707 Records 
Street, Indianapolis, IN 46226. 

CAR SPEAKER SYSTEMS, are de- 
signed for easy installation by a 
professional installer or a do-it- 




yourselfer. The Bass Tank systems 
are available in four configura- 
tions, variously consisting of a pair 
of full-range, two-way 6- x 9" 
CS-18A speakers, or a pair of low- 
profile, two-way CS-17 speakers in 
combination with either a 10-" 
CSW-20 or a 12" CSW-21 sub- 
woofer. All systems come com- 
plete with crossover filter, mount- 
ing hardware, and installation 
instructions. The sound system 
features full bass, wide dynamic 
range, low distortion, and high 
power-handling capability. 

Prices are as follows: 

The model BT 1821: CS-I8A with 
crossover and 12" subwoofer is 
priced at $319.00. 

The model BT1820: CS-18A with 
crossover and 10" subwoofer is 
priced at $309.00. 

The model BT 1721: CS-17 with 
crossover and 12" subwoofer is 
priced at $279.00. 

The model BT 1720: CS-17 with 
crossover and 10" subwoofer is 
priced at $269.00. — Cerwin-Vega, 
12250 Montague Street, Arietta, 
CA 91331. R-E 
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Call us FREE 1-800-626-6343 

or write for FREE Flyer. 

COPPER ELECTRONICS 

4200 PRODUCE ROAD - LOUISVILLE, KENTUCKY 40218 



Kxfel JUttJG wircleu 
■ystos (hit aocspt* all r«* auiuj^viJeio si',™i 
input* froa yCua" UCft, video carcra or sati-U Lie 
mcwJjWT and mfiliaAa then ic the VHT telcviiitn 
Kuvl awjttl 3-6 for wirelcas relay ba i.Se other 
taltfvlaiorai An. your to 



mm** WIRELESS 
VIDEO 




RetaitHi9.S5 



59.95 



AV-261 

I Permanent Mount 
■ VI" hole mount 

| 26.95 

^1 AV-261 M 

J^ Magnet Mount 

■ 29.95 

^■AV-261T No-Hole 
»J^HL Trunk Mount 

^2* 26.95 



WESTPORT 
WCB40 




J':': '-■-'■ tatrrii :■ i . •-■•• LJilur htala 

40 CHANNEL 
CB TRANSCEIVER 

R.t«iltB9.95 29.95 




BEARCAT 201m 

Retail $299.95 



199.95 



A I refill, marine rmd public ..rvlc*-all tvEltiln 
pu ihbultoo ranch. 




Z3fTrn 



Retail 1399.95 269.95 



Limited Quantities 



THE LOWEST PRICES IN THE COUNTRY 

We have a national factory warranty service on 

many brands, and we service All CB, Amateur, and 

^ Commercial Equipment. 
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INT 



product* hnt*m.tEonal Inc. 

B929 BrookvilleRoad • Silver Scirng. Maryland 20910 

Call Our ■■ mfm 

Toll Free Number -t£U '<m? 



In Maryland 
Call 301-587-7824 

FREE CATALOG 

Equipment, Toott A Suppli#« 
for Er*ctronic Maint*q«ne* 
A &*rvie*. 

*■ Pac* Oasotdermg aod Printed Circuit 

Baa*d Rtoair Proaucts. 
i* 3M Static Control Products, Work 

Stations. Shteidrrvg Sags 
■» Hunlron T^ST trtstruments 

* Undstrom Hand Tools 
i* PRint Tool Cases 

* Cooler Toot Group. Waller. Crescent. 
Xcvfctv 

* &and Name Toots and Suoeltes fo* 
Pecan m rrm Fi»id at Qeoot 

HUNTRON INSTRUMENTS 



The Art of Trouble Shooting 



a 00-6 3 9. 2 020 1 




7?g| 




TRACKER AND SWITCHER 
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OK ( - 

Etectncnics-- 
Division ^£> 




PEAK PERFORMERS! 



New Test Instruments 
from O.K. industries 



sweep, Function and Pulse Generators 
Digital Frequency and Universal Counters 
• Unique Portable, Battery Operated Miniscope 

• Bench/Portable Digital Multimeters 
• Hand-held Digital Thermometers 

• Full Range of Specialized Accessories 



Equipment Reports 



Tektronix 3W 

16-channel 
Logic Analyzer 

High-powered digital 
debugging 

CIRCLE 5 ON FREE INFORMATION CARD 



EXTREMELY DIFFICULT PROBLEMS CAN 

crop up when designing and pro- 
totyping custom microprocessor 




systems. That sort of problem can 
easily cause you to question 
whether hardware or software is to 



blame. And in many cases, the 
problem simply can't be tracked 
down with the usual tools — LED 
logic probes, single- or dual-chan- 
nel oscilloscopes, software debug- 
gers, etc. So what do you do when 
you can't blame either the hard- 
ware or the software? Do what pro- 
fessionals do: Use a logic analyzer 
like Tektronix' model 318 to stamp 
out those bugs. 

Overall specifications 

The 318 has a 16-bit parallel data 
input and a maximum clocking 
speed of 50 MHz. A serial data- 
analysis unit is optional; we used it 
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IAS SPECIALS! 



Jerrold Cordless Cable 
T.V. Converter 



(58 CHANNELS} 



MODEL LCC-SB , 



SP 



EClM- 1 




/ 



ANY QUANTITY 



ELECTRONICS 

770 Amsterdam Ave. New York. NY 100Z5 



i= tcuaiii/a WIRELESS REMOTE CONTROL 
1FTEKNIKA TVTUNER CABLE CONVERTER 



jpeciau 



MODEL-6510 
140 

WITH VOLUME CHANNEL 
CONTROL s-| 39.95 



RG-59M75 0HM 
Co-Axial Cable a.n «mw 

Copper Braided """"f '" 

snieia miui I 



wtwicvQiKk 



'44"/1000ft. 



ICONNECTORSI 



F-59 

separated (enule 
BCnOOOLOT 



F-59ALM 

with altachedVs' gripnng 



7C'ioooiot 

12C/10QLOT 



F 56 AVAILABLE UPON BEQUEST 



SHIPPING CHARGES 

ForOrdar* ADI 

W> 100 J6 5 

iioo ISOO IS S 

J500 1750 JIOS 

1750 tndup (ISO 
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MATCHING 
TRANSFORMER 



21 # 



IOOUi 



ZWAY-750HM 
U/V SPLITTER 



49$IIM LOT 
B9C/50LOT 

hcea. 



Send Purchase Order. Check. 
Money Order or C.O.D. 

or Call Toll Free 
800-223-0826 

in N.Y. State (212)865-5580 



MUST LIQUIDATE Mffi" 

total Personal Computer system 




Carries easily 
as a suitcase! 
Plugs into 115V outlet! 



Sorry , we're not permitted to PRINT the famous brand-name. 
BUT, we CAN "tell air if you call us TOLL FREE: 1-800-328-0609! 



THE COMPUTER 

Snap-nn compuler keyboard! 64 K RAM. 20K ROM. Full- 
size typewriter keyboard. Upper and lower case 
letters, numerals, symbols, reverse characters. 2 
cursor control keys, 4 function keys, programma- 
ble to 8, Music synthesizer with 3 independent 
voices, each with 9 octave range. InpuUoutput ports 
accommodate . . . user, serial, ROM cartridge, joy- 
sticks, external monitor, phone modem. 

Built-in disk drive! Intelligent high speed unit with 
514" (loppy disk recorder! 170K formatted data stor- 
age; 35 tracks. 16K ROM. Uses single sided, single 
density disk. Serial interface. Second serial port to 
chain second drive or printer. 

Built-in color monitor I Oispl ays 40 colum ns x 25 li nes 
of text on 5" screen. High resolution. 320 x 200 pix- 
els. 16 background, character colors. 

Built-in ROM cartridge portl Insert ROM program car- 
tridge. Multitude ot subjects available in stores 
across the nation! 



Original List 



Price $ 995.00 



$ 



Liquidation 

Priced 

At Only 

Ham H-91 9-63631-00 Ship, handling: S2O00 
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THE PRINTER 

Print method: Bi-directional impact dot matrix. 
Character matrix: 6 x 7 dot matrix. 
Characters: Upper and lower case letters, numerals 
and symbols. All PET graphic characters- 
Graphics: 7 vertical dots — maximum 480 columns. 
Dot addressable. 
Character codes: CBM ASCII code. 
Print speed: 60 characters per second. 
Maximum columns: 3D columns. 
Character spacing: 10 characters per inch. 
Line teed spacing: 6 lines per inch in character mode 
or 8 lines per inch selectable. 9 lines per inch in 
graphics mode. 

Line feed speed: 5 lines per second in character mode. 
7.5 lines per second in graphics mode. 
Paper leed: Friction feed. 
Paper width: 4.5" to 8.5" width. 
Mulliple copies: Original plus maximum of two copies. 
Dimensions: 13"W x 8"D x 3WH. Wt.: G'h lbs. Power: 
120V AC. 60 Hz. 

Original List Price: *200.00 



Liquidation 

Priced At 

Item H-9 19-63331 -00 Ship, handling: $7.00 
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THE SOFTWARE 

"Easy Script" One of the most powerful word pro- 
cessors at any price! Cut re-typing, create docu- 
ments from standard paragraphs, do personalized 
letters, see and change a document before it is print- 
ed. Instruction manual has extensive training sec- 
tion that simplifies use . . . even for someone who 
has never used a computer or word processor before! 

"The Manager" A sophisticated database manager 
for business or home use. Business uses: accounts 
payable/receivable, inventory, appointments, task 
manager. Home uses: mailing lists, home inventory, 
recipes, collection organizer, investment tracking, 
checkbook balancing. School uses: research arti- 
cle index, gradebook. 

Mfr. Sug. Retail: s 73.98 
Liquidation Price 

turn H- 91 96401 103 Ship, handling: $3.00 

BUY INDIVIDUAL UNITS OR 

GET THIS ULTRA-FAMOUS 

SYSTEM AT ONE LOW 

PACKAGE PRICE! 

TOTAL Personal Computer System 
available at FAR BELOW dealer cost! 



$24 



Compatible with above Computer System (Not included in package price.) 

JOYSTICKS (Set Of 2) 64K MODEM Limite?9frtayrldo™ Warranty 

Mfr. List: $59.90 pr. jfc 4 Q 

Liquidation Price I V pr. 

Item H-91 9-63622-01 S/H: St. 00 Br. 



Mfr. List: * 124.95 
Liquidation Price 

Itam H-91 9-63646-00 S/H: S4.00 



$19 



Original List Price 



$ 



$ 1,293.00 



TOTAL 
PACKAGE 
PRICE 

Itam H- 91 9-6401 1 02 Ship, handling: $24.00 
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Credit card member? cert order by phone. 
24 hours m day. 7 days a wuk. 

Toil-Free: i -800-328-0609 

Your check is welcome! 

Ma delay* when you pay by check! 



CO.rVI.D. Direct Marketing Corp. 
Authorized Liquidator 

14605 28th Ave N • Mpis..MN 65441-3397 



SEND ME THE ITEMS I HAVE LISTED BELOW 

Sales outside continental U.S. are subject !o special 

conditions. Please call or write to inquire- 



Item No. 



TOTAL 



Price S/H 



C.O.M.B. Direct Marketing Corp Item H-91 9 

14605 2Sth Ave. N, /Minneapolis, MN 55041-3397 

Send the items indicated al 'eh. [Minnesota residents, add 5*j 
sales lax. Please allow 3-4 weeks delivery. Sorry, no COP: 

□ My check Or money order is enclosed. (No delays in prone siing 
orders pair) by check, thanks to TeleCheck.] 

Charge: □ MasterCard. C VISA* 

Acer No. Ej 

PLEASE PRINT CLEARLY 

Name 



X 



Sign Hera 



m 
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New and Used Electronic Test Equipment 
Sates • Service • Rental • Leasing 



oaaoQQQ 



SHOOTER 



LOW-COST 

EPROM BLASTER 




Ideal for Hobbyists or Light Usage 

12SKRAM Buffer 

Build-in RS-232 Port 

Completely Assembled & Tested 

Programs 2716 through 27256 

Fast Intelligent Algorithm 

Works with Any Computer or Dumb 

Terminal 

Stand-Alone Mode. Copies and Verifies 

Upload/Download in Intel/ Motorola/ 

Binary Formats 

90 Day Warranty Parts & Labor 



$395.00 



^PORTABLE OSCILLOSCOPE 




LBO 524L DC to 40 MHz 

The L BO-524L is designed to meet a broad range 
of applications in design, testing and servicing of 
both analog and digital circuits and equipment. 
Its large 8x1 cm PDA CRT provides stiarp, bright 
displays even at highest sweep rates. Compre- 
hensive triggering controls including holdoft, 
alternate triggering and delayed sweep triggered 
functions permit stable displays tor even the 
most complex signals. With 0.5 millivolt sensi- 
tivity, extremely low-level signals can easily be 
observed. A channel 1 output is available on the 
rea r pa ne I to drive other I ess sensitive i nst ru m e nts 
such as a frequency counter with an input level as 
low as 500 microvolts. The dual time base perm its 
accurate observation and time interval measure- 
ments of complex waveforms. Includes probes 
and 2 year warranty. 

o 7 yi Q fl f| Plus free Hitachi DMM. 
Oiny.UU See page 5. 



LBO-516 DC to 100 MHz 

The LBO-516 is an economical 100-MHz, 3- 
Channel, alternate time base oscilloscope. It has 
all of the important features that are expected in 
a 100-MHz oscilloscope such as full front panel 
operation, alternate triggering for simultaneous 
view of asynchronous signals and independent 
o; sini ul tan sous display of main and delayed time 
bases. The bright 20-kV PDA CRT and 0.5mV 
sensitivity permit sharp, bright displays of even 
those normally tough to see critical signals. 
Eight trace capability is possible by displaying 
main and delayed versions of CH-1 , CH-2, CH-3, 
and CH-1+CH-2. Also included are comprehen- 
sive trig ge ring faci I itie $ wit h v ideo sync separators, 
variable trigger holdoff, excellent trigger sensi- 
tivity and more. Includes probes and 2 year 
warranty, 

* 1 i n e n n Plus free Hitachi DMM. 



NOW OPEN! Saturday, 9:00 a.m,-3:00 p.m. 



Monday - Friday. 6.30 a.m.-5:30 p.m. 
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$97.50 



INDUSTRIAL 
MODEL 
WITH TIMER 
MODEL T8/2T 

• Erases 15 EPROMs in 20-30 Minutes 

• Rugged 60 Minute Auto Shut-Off Timer 
and Safety Interlock 

• 5" x 8" Tray with Indicator 

• Conductive Pad 

• Attrative Steel Enclosure 

MODEL T8/l $49.95 

This is a Low Cost Unit Designed in a Two 
Part Plastic Case. 

This unit erases as many as 8 EPROMS in 
15-20 minutes. 




MODEL 3010 



Z*KPHtCISIQIV 



FUNCTION 
GENERATOR 

$189.00 




• Sine, square and triangle output 

• Variable and fixed TTL outputs 

• 0.1 Hz to 1 MHz in six ranges 

• Typical distortion under 0.5% from 1 Hz 
to 100 kHz 

• Variable DC offset 

• VCO input for sweep tests 



fm i ESCORT 

... 3 Va- Dig it 

**- Capacitance Meter 

Range: 200PF - 20mF 

MODEL EDCllQA $89.00 

Accuracy: 

20PF-20uF ±{0.5%rdg+1dgt+0,5PF) 

200uF±(1.0%rdg+1dgt) 

2000uF-20mF ±(2.0% rdg+ 1dgt) 



LICATEK 

30 VDC POWER 

SUPPLY 



$135.00 

MODEL 30-3/0-30 VDC/0-3A 




CALL US TOLL FREE 

1-800-732-3457 

IN CALIFORNIA TOLL FREE 

1-800-272-4225 



i Maaier Charge 

I VISA ■ COD 
I Money Order 
I Cneck 



ADD FOR SHIPPING AND INSURANCE 
SO to*2S0.0O S4.S0 

«5i,ooto*eoo.rx> *e.so 

1501 00 lo (750.00 JS.SO 

$751.00 :c S10O0 SI 2.60 

over *1 000.00 115.00 



Prices subject to change without notice. 



RAG ELECTRONICS, INC. / 2141 8 Parthenia Street/Canoga Park, CA 91 304 / 1 -81 8-998-6500 



QjETE/ L_jc2^«™m]«, iBiaiMBiiM 



I leaderi QQQOQQI! 

ikn$iri^rienTsC& portion ■ I UUhHUUiU 



|t) sPolaro 



HUE 



GtOBll 5PICIAITIIS 



rl omrtn 



% HITACHI 



Hitachi Densh>. Ltd 



HITACHI 3.5 Digit DMM FREE with any Scope 
purchased from RAG. See page 5 for details. 



/gJvHITACHI 

X^y Hitachi Denshi. Ltd. 



CCTV Cameras & Monitors 



SOLDERING STATION 




MODEL KP-120 



Meet the new generation of TV 
cameras that brim with useful features, 
thanks to the MOS solid-state imaging 
devices, 

• Compact size and light weight 

• Long life and high reliability 

• Extreme low-light handling capabilities 

• No geometric distortion 

• Reduced lag and no sticking 

• Excellent immunity to vibration and 
shock 

• No effects of magnetic fields 

• Sensitive to near-infrared 

• C mount 




MODEL HV-720 



Owing to the use of an automatic 
sensitivity adjusting circuit, the only 
necessary camera operation is 
focusing 

A white suppressor circuit ensures 
faithful reproduction on the video 
monitor, even for subjects with stong 
contrast. 

Camera mounting screws are 
provided at the top and bottom of the 
camera, facilitating mounting of the 
camera 

Switchover to external synchroniza- 
tion takes place automatically when 
an external drive signal is input, hence 
no switch operation is necessary.* 




$84.00 



SA-3-1 1 5 

Special tip-mounted sensor and sophis- 
ticated control circuitry. Temperature 
stability within 5% over the range of 
1 00°C to 500°C {200°F to 93CTF). For 
1 15 VAC. 50/60 Hz operation; 230 VAC 
model also available. Lighted power and 
heater indicators, proportional temper- 
ature control and temperature indication 
meter, iron holder and tip cleaning 
sponge standard. Rugged, compact en- 
closure. Supplied with special 24 volt, 48 
watt, low-leakage iron and SAT-3-01 
(1/32 inch) conical tip. 



MODEL KP-120 Camera Head 


• Synchronizing System: Line 
interlace. 


-lock 2:1 






Lenses available 


• Pick-up tube; Vidicon tube. 




SZX m*--*^ 




$775.00 


• Includes 16mm f1.6 lens 




kgft fraaa 


M . *■ rjj 




MODEL HV-720 


S144.00 


V_7 I'iMV 






MODEL HV-730 


SI 99.00 


MULTI- 7 ^Bfl 
FUNCTION / 

COUNTER ^"""^-^^ 


M a U 


B&W MONITORS VM-900A 


97500 line/video loop 


$126.00 






__ VM-910 


97500 line/video loop/ 
DC restoration/rack 


$164.00 


MODEL WD-755 










$248.00 








mountable 




• 5 Hz to 125 MHz 




VM-906 


97700 line/video loop/ 


$210.00 


• 8 Digit LED Display 










DC restoration/rack 




• Period Measurement 5 H; 


! to 2 MHz 








mountable 




* Totalizes to 99,999,999 Plus Overflow 






[ ^ VM-129 


127700 line/video loop/ 


$276.00 


• Frequency Ratio Mode 








DC restoration 




• Time Interval Mode 




wf^^ 


177700 line/video loop/ 


$312.00 


• Switchable Attenuators Low Pass Filter 








DC restoration 









® POWER SUPPLY SALE 




• Automatic short 

circuit shutdown 

• Ripple 5mV P-P 

• 0.075% regulation 

• Digital meters V&A 

• Measure external 
0-99.9 VDC 

• Isolated supplies 



WP-705A single 0-50VDC, 0-2A 
WP-706A single 0-25VDC,0-4A 
WP-707A dual 0-25VDC, 0-2A 
WP-708A triple 2 each 

0-20VDC, 0-2A 

and 5V, 4A 
WP-709A single 3.5-6.5VDC 

or 11.5-14.5VDC, 0-7.5A 



CtAvSiiiiffifiiA/ TRIPLE OUTPUT 
POWER SUPPLY 




$319.00 



WP-705A 
WP-706A 
WP-707A 
WP-708A 
WP-709A 



$309.00 
$318.00 
$369.00 
$453.00 
$326.00 



MODEL 1650 

• Functions as three separate supplies 

• Exclusive tracking circuit 

• Fixed output 5 VDC, 5A 

• Two to 25 VDC outputs at 0.5A 

• Fully automatic, current-limited over- 
load protection 

• + and — terminals of each output are 
fully isolated, in all modes 

• All three outputs may be connected in 
series or parallel for higher voltage 
or current 
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WAYNE KERR 



. 



R-E Books Admart 




CONFIDENTIAL 
FREQUENCY LIST, 
6th Edition 

Latest available infor- 
mation on the most 
interesting communi- 
cations stations oper- 
ating on the short- 
wave bands. Includes 
SLB's. Phonetic Al- 
phabet Stations, 
Numbers Stations, 
Military, Police, FBI, 
Government Agencies and more, 304 
pages, 6x9 inches. Get your own copy 
for S13.95 plus $1 postage in USA. ELEC- 
TRONIC TECHNOLOGY TODAY INC., PO 
Box 240, Massapequa Park NY 11762- 
D24D. 



Frequency 
list 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6 x rate $800.00 per each insertion. 

• Reaches 225,379 readers. 

• Fast reader service cycle. 

• Short lead time for the placement of 
ads. 

Call 212-777-6400 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
Books Admart, RADIO-ELECTRONICS, 
200 Park Ave. South, New York, NY 
10003. 



Rates: Ads are 2V»" x 2 7 /e". One insertion $825. Six insertions $800. Twelve 
insertions S775. each. Closing date same as regular rate card. Send order with 
remittance to Books Admart, Radio Electronics Magazine, 200 Park Avenue South, 
New York. New York 10003. Direct telephone inquiries to Arline Fishman 
area code-212-777-6400. Only 100% Book ads are accepted for this Admart. 



iC PROJECTS bml. 
FOR _ 
BEGINNERS if 

Soft cover; variety of projects built 
around IC's covering radio and audio 
projects such as a solar radio and a mini- 
ature receiver, plus an audio generator, 
interval timer, mixer amplifier and more. 
S5.00 plus $1 postage in USA. ELEC- 
TRONIC TECHNOLOGY TODAY INC., PO 
Box 240, Massapequa Park, NY 11762- 
0240. 
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LINEAR IC EQUIVALENTS 
& PIN CONNECTIONS 



Linear IC 

Equivalents 
and Pin 
Connections 




I J 

Shows equivalents Spin connections of a 
popular user-oriented selection of Euro- 
pean, American and Japanese liner IC's 
320 pages, 8 x 10 inches. $13,50 
postpaid in USA. ELECTRONIC TECH- 
NOLOGY TODAY INC., P0 Box 240, Mas- 
sapequa Park, New York 11762-0240. 
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DIGITAL IC EQUIVALENTS 
& PIN CONNECTIONS 



and Pin 




Shows equivalents & pin connections of a 
popular user-oriented selection of Euro- 
pean, American and Japanese digital 
IC's. 256 pages, 8x10 inches. $13.50 
postpaid in USA. ELECTRONIC TECH- 
NOLOGY TODAY INC., PO Box 240, Mas- 
sapequa Park, New York 11762-0240. 
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ELECTRONIC 

POWER SUPPLY 

PROJECTS 

Soft cover; 291 pages 
of practical DC circuit 
applications for a wide 
variety of hobby and 
experimental pur- 
poses! Circuits range 
from the very simple 
(like a half-wave sup- 
ply) to more advanced 
units (like a 12-volt in- 
verter). $10.95 plus $1 postage in USA. 
ELECTRONIC TECHNOLOGY TODAY 
INC., P0 Box 240, Massapequa Park, 
NY 11762-0240. 
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WHITES RADIO LOG 




An up-to-date directory of North Amer- 
ican AM, FM and TV stations including 
special section on world-wide shortwave 
stations. 136 pages, 5V4 x VA inches, 
soft cover. $4.95 plus $1 postage in USA. 
ELECTRONIC TECHNOLOGY TODAY 
INC., P0 Box 240, Massapequa Park, 
NY 11762-0240. 



CIRCLE 284 ON FREE INFORMATION CARD 



103 PROJECTS FOR 

ELECTRONICS 

EXPERIMENTERS 



103 
PROJECTS FOR 
ELECTRONICS 

EXPERIMENTERS 



Soft cover; 308 pages 
of practical, proven 
plans for the elec- 
tronics hob- 
byist... circuits, con- 
verters, amplifiers, 
synthesizers, op- 
toelectronics, power 
supplies and more. 
Written and designed 
by Forrest M. Mims, III. $11.50 plus $1 
postage in USA. ELECTRONIC TECH- 
NOLOGY TODAY INC., P0 Box 240, Mas- 
sapequa Park, NY 11762-0240. 
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for most of our tests. AH opera- 
tions are initiated through a 31-key 
keypad; all data is displayed on a 
small CRT that measures about 2 1 A" 
by 2%". The logic analyzer weighs 
about 11 pounds and measures 
about 4 x 7.5 x 15 inches. A small 
leatherette pouch attached to the 
lid of the machine stores the AC 
power cord, probes, etc. A snap- 
on plastic cover protects the unit 
when it is in transit; the carrying 
handle rotates smoothly 
throughout 360 degrees to prop 
the 318 to a comfortable viewing 
angle. 

On the left side of the instru- 
ment (as you face it) are jacks for 
serial input: a 25-pin "D" con- 
nector (DB-25), and a BNC jack to 
which a low-capacitance os- 
cilloscope-type probe may be con- 
nected. A BNC-type composite 
video jack is also located on the 
left side. On the right side is space 
for up to four parallel-input con- 
nectors (sub-miniature "D" type), 
a BNC jack for an external-clock 
input, and four pin jacks for exter- 
nal trigger input and output, a start 
output, and ground. The right side 
of the case also provides access to 
several important points in the 
318's circuit that are used for diag- 
nosing problems with the unit, 
should they arise. 

On power-up, the 318 goes 
through a series of self tests. The 
power-up sequence takes only 
about five seconds, after which 
the machine is ready ready for use. 
All operations are accessible 
through a set of menus (Setup, 
Threshold, and Trigger); four cur- 
sor-control keys, a select key, and 
an execute key help you choose 
the desired item. 

The menu displays 

Pressing the sefup key allows 
you to set the overall operating 
mode of the 318: serial vs. parallel, 
local (keyboard) vs. remote opera- 
tion, etc. If you select the parallel 
mode, a new menu appears that 
allows you to set the acquisition 
mode (see below), and to assign 
specific data bits to specific dis- 
play channels. That allows you, for 
example, to hook your connectors 
up in just about any convenient 
manner. You can then let the logic 
analyzer group data lines, address 
lines, and control lines together in 
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a comprehensible display. In the 
parallel mode, the 318 has a data 
memory of 256 bits for each of the 
16 input channels; in the serial 
mode, up to 256 bytes can be 
stored. 

If you select the serial mode 
from the setup menu, a new menu 
appears that allows you to select 
the communications parameters 
(baud rate, sync/async, parity, etc.) 
and the acquisition mode. In addi- 
tion, you can set the 318 up to ac- 
quire data until a portion of the 
most recently received data 
matches — or doesn't match — a 
designated portion of the 318's op- 
tional battery-powered reference 
memory. 

The Threshold menu allows you 
set the voltages the 318 uses to dis- 
tinguish between different logic 
states. You can pick standard TTL 
levels, or any values from -10 to 
+10 volts, in 0.1-volt increments, 
to represent the "high" and "low" 
values used by your system. 

The Trigger menu allows you to 
set the event around which the 
data display centers. In the serial 
mode, data acquisition can be ini- 
tiated by an external trigger signal, 
by receipt of a one- or two-byte 
data sequence, or either. The trig- 
ger byte(s) may be specified in bin- 
ary, octal, decimal, or hex- 
adecimal. Any bit or digit may be a 
"don't-care" value. For example, 
in hex mode, a trigger-byte specifi- 
cation of "FX" would cause any re- 
ceived byte that has a leading digit 
of "F" to generate a trigger. 

The trigger position field of this 
menu allows you to choose seeing 
the data that precedes the trigger 
byte, data that follows it, both, or 
data that follows the trigger, but 
that is delayed by any number of 
bytes you specify (up to 65,000). 

In the parallel mode, three trig- 
ger words are available that may be 



NOW, 

a mini-scope 
with the 
features 

most wanted 
by field 

engineers! 




B&K-PRECISIQN MODEL 1420 $825 

This 15MHz dual-trace mini-scope 
was designed by B&K-PRECISION 
engineers to respond to the special needs 
of field engineers . . .amini-scope with 
lab-scope features. 

It easily fits into a standard attache 
case with plenty of storage room for 
a DMM, tools and accessories. The 
1420 can be powered from the AC line, 
10-16VDC or an optional internal 
battery pack. 

The rugged 1420 features dual-trace 
operation and an honest 15MHz re- 
sponse, with useful response beyond 
20MHz. An efficient rectangular CRT 
displays waveforms with good read- 
ability under all field service conditions. 

There is no sacrifice of features or 
performance for compact size. The 1420 
has 18 sweep ranges from 1 jiS/div. to 
0.5S/div. in a 1-2-5 sequence; variable 
between ranges. Sweep magnification 
isX10, extending the maximum sweep 
rate to. l0OnS/div. For use with computer 
terminals or video circuits, a video sync 
separator is built in. Automatic selection 
of chop and alternate sweep modes is 
provided, as is front-panel X-Y operation. 

The Model 1420 measures only 4.5 X 
8.5 X 12", weighs 7.75 lbs., with batteries 
and comes with two 10:1 probes. 

For complete specifications contact your 
local distributor or call B&K-PRECISION. 



'^PRECISION 



DYNASCAN 

CORPORATION 

6460 West Cortland Street 
Chicago, Illinois 60635 • 312/689-9087 
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Saratoga Electronics 



ORDER TOLL FREE 




800-621-0854 
ext.245 



DYNAMIC RAMS 

4164 - loONS $1.00 

41256 ■ 150NS $2.45 

EPROMS 

2716 - 450NS SI. 95 

2732A - 450NS $2.25 

2764 - 450NS $2.50 

2764 - 250NS $2.00 

27256 - 300NS $5.95 

PC/AT COMPATIBLE 
SYSTEM BOARD 

* 1 Megabyte Installed 

* Dual Speed Selectable at 
6 or 8 MHZ 

* Compatible "AT" 
System Bios 

* 8-Slot Expansion Capability 

* Complete & Tested 
w/90 - Day Warranty 

S89S 

PC/XT COMPATIBLE 
SYSTEM BOARD 

* 64K Installed - Expandable 
to 640 KB 

* 4.77 MHZ Speed 

* Compatible "XT" 
System Bios 

* 8 - Slot (Full) Expansion 
Capability 

* Complete & Tested 
W 90 - Day Warranty 

5200 

$25 MINIMUM ORDER 



12380 SARATOGA - SUNNYVALE ROAD 

SARATOGA. CA 95070 

(408) 446 - 4949 
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combined in various ways to trig- 
ger data capture. For exam pie, you 
can specify that a first trigger word 
must be followed by either a sec- 
ond or a third trigger word. The 318 
allows other triggering options in 
the parallel mode, but we haven't 
the space to discuss them. 

Data display 

After operating parameters have 
been set using the three menus, 
it's time to press the data key. That 
brings up one of several display 
screens, depending on the mode. 
In the serial mode, all data in the 
256-byte buffer can be displayed at 
one time in the character menu 
display as ASCII (or EBCDIC) 
characters, or, in the state table 
display, each location in memory is 
displayed on a separate line. Each 
line contains the memory loca- 
tion, the hex (or octal or decimal) 
value, the binary value, and the 
ASCII (or EBCDIC) value of that lo- 
cation. 

The cursor-control keys allow 
you to scroll through memory; al- 
ternatively, you can enter the loca- 
tion you'd like to view via the data- 
entry keys in the keypad. You can 
change some of the communica- 
tion parameters at the display 
screens without returning to the 
setup menu. You can flip between 
the two display screens at will; in- 
deed you can go to most menus at 
any time to change operating pa- 
rameters. 

To initiate data-capture, the start 
button is pressed, or an external 
trigger is applied. The message 
"WAITING TRIG" appears in the 
lower right corner of the screen; 
when the trigger-word condition is 
satisfied, or when you press the 
stop key an appropriate message 
is displayed, and you are free to 
examine the contents of memory. 
The 318 provides compare and 
search functions to aid in that pro- 
cess. The compare function com- 
pares the current data to a 
reference memory. A separate 
function is provided from the 
sefup menu that allows you to 
transfer the contents of the data 
memory tothe reference memory. 

You could use the search 
function to search for the "FX" 
byte (or any other, of course) men- 
tioned above. The 318 locates all 
matches, highlights them on the 



screen, and displays the total 
number of matches. You can move 
through memory, using the cursor 
keys, or you can jump from match 
to match. 

In the parallel mode, a state ta- 
ble that lists received data in the 
desired number base (2, 8, 10, or 
16), and a timing diagram are avail- 
able. The state table is similar to 
the serial mode state table, except 
that no ASCII values are displayed. 
The timing diagram can display 
glitches (which are captured 
whether or not they are displayed), 
and a portion of the display can be 
magnified for greater viewing ac- 
curacy. Search and compare 
functions are also available in the 
parallel mode. 

Conclusions 

After you become familiar with 
the 318, operation is fairly intu- 
itive. The problem is in getting fa- 
miliar. The operator's manual that 
is supplied appears to be little 
more than a polished-up version 
of the engineering specifications. 
It contains most of the information 
you need to know, but the man- 
ual's organization is atrocious. 
Tektronix should have supplied a 
tutorial introduction for such a 
complicated machine. However, 
people who have worked with 
other brands of logic analyzers 
shouldn't have much trouble ap- 
plying their prior experience. 

The only other thing we would 
criticize is the small size of the dis- 
play screen. Even those with good 
eyesight reported difficulty read- 
ing the screen from a distance 
greater than about one foot. Evi- 
dently, Tektronix was aware of that 
problem, as they included a com- 
posite-video output jack. But it's 
inconvenient to use a separate 
monitor; we think the 318 would 
benefit from a 5" CRT. 

As you can see, the 318 logic ana- 
lyzer has quite a few powerful fea- 
tures — and we've only scratched 
the surface. Other than the few 
inconveniences we've mentioned, 
the 318 should make a useful addi- 
tion to the professional test 
bench. The 318 lists for $5300. The 
model 338 is similar to the 318, but 
it has a 32-bit data path, and a 20- 
MHz maximum clock rate. It lists 
for $5800. RE 

continued on page 40 
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Build Circuits Faster 
and Easier With Our $20 
Solderless Breadboard 




Introducing the plug-in world of AP 
Product's versatile, low cost breadboards. 

Now you can design, build and test 
prototype circuits just like the profes- 
sionals.., and make changes in seconds. 
No messy soldering or desoldering. No 
more twisted leads or damaged 
devices. 

With our ACE 109 and m blue bread- 
boards, you simply plug in components 
and interconnect them with ordinary 
hook-up wire. All sizes of DIPs andother 
discrete components up to 22 gauge 
lead diameters snap right into the 
0.1" x 0.1" matrix of the solderless tie 
points... anywhere on the layout. \bu 
don't need expensive sockets or spe- 
cial tools. Buses of spring clip terminals 
form a distribution network for power, 
ground and clock lines. 

AP Products 100 series breadboards 
give you all the functions and flexibility 
of more expensive circuit evaluators. 
The spring terminals have mechanic- 
ally independent contact fingers to 



accommodate most DIPs and discrete 
components. 

The ACE 109 has two terminals for 
separate voltages plus a ground con- 
nection. The larger ACE 118 offers the 
same three terminals, plus an addi- 
tional terminal which can be used for 
clocking or another voltage. The back- 
plates are heavy steel to keep the 
boards stationary. 




...and do even 
more with our 
$40 breadboard 






a*oe -i 1 e 



-T-l. 



■ t'* \:n:;iinu\ 








::;;:! 


:::: 


1 :: *- 


i r. - 


. . .if 


V- . 




20 








:::•: 












* 




■ it 



A P PRODUCTS 
INCORPORATED 



9325 Progress Parkway 

P.O. Box 540 

Mentor, Ohio 44060 

800-321-9668 

[Ohio, 216/354-2101) / 

/ 



/ 



Dont wait. These low prices won't last forever. 
See your local AP Products dealer today, or 
send for a list of dealers in your area. / 

CIRCLE 76 ON FREE INFORMATION CARD . 

/ 




CO 

o 

z 
o 
cr 

\- 
o 



o 

D 
< 

DC 

36 



IF YOU WANT TO GE1 
YOU HAVE TO GET INTC 

Learn PC Servicing By Building Your Own NTS/HEATH HS-1E 
Desk-Top Computer, Circuit-By-Circuit 



NTS Intronic Home Training 
Takes You Below The Surface 

NTS gets you right down into the 
heart of computer circuitry. You learn 
how microprocessors function, how 
they are designed, how they operate 
and are used to solve problems. Your 
program includes a wide variety of 
tests and projects, as you assemble 
your PC. You experience the ex- 
citement of seeing your own skills 
grow, the security of knowing you 
really understand what makes a 
computer tick. 

A Career in 
PC Servicing 

The world of computers is 
constantly expanding. Applications 
have spread from business to manu- 
facturing, from industry to medical 
and scientific fields. Computer-aided 
design, engineering, and production 
have revolutionized drafting, 
graphics, and prototyping. Computer 
sales figures point to a continuing 
need for service technicians as well 
as installation and maintenance 
specialists. The type of training you 
receive will largely determine your 
ability to take advantage of these 
opportunities .... and nothing beats 
the practical, down-to-earth training 
you get from NTS. 



Learning circuitry through the construction of this 
equipment offers practical training for which there 
la no substitute. Teat equipment is Included. 



The NTS/HEATH 16-Bit HS-151 

This desk-top PC is the most powerful and 
versatile ever offered in any home training 
program. Check the advanced features 
listed below: 

1. 128KB RAM user memory on board, 
expandable to 640 KB 

2. 16-bit 8088 Microprocessor accepts 
advanced software, speeds word pro- 
cessing; also allows selection from the huge 
library of IBM software. 

3. 5.25-inch floppy disk drive, double 
density, IBM formatted, stores up to 360 KB. 
(Expandable to dual disk drive, and optional 
10.5 MB hard-disk drive.) 

4. MS-DOS operating system, IBM compati- 
bility, make a wide choice of software 
programs available. 

5. Four open IBM-compatible slots provide 
for future expansion, printer, modem, etc. 
Will accept most peripheral boards designed 
for IBM-PC, 

6. Two video outputs for color or mono- 
chrome display monitor. Your NTS course 
includes a high resolution monitor displaying 
80 characters by 25 lines, or graphics. 

7. Editing capabilities help you insert or 
delete characters and lines, erase, jump or 
smooth scroll, etc. 

Your NTS training course will teach you to 
program on this outstanding PC, using 
lessons, texts, and diagrams to make full use 
of its capabilities. Catalog contains complete 
details. 



Field servicing is interesting and rewarding. 
Technicians may work for a service company, 
manufacturer, or major users. 



IBM 
Compatible 




The NTS/HEATH HS-151 PC completed, Incl 
monitor and full-function keyboard with cah 
style keypad, and typewriter format. 




NTO PC SERVICING 
V MICROCOMPUTER 




The student learns to use test equipment such as -a 
digital probe anda digital multimeter to cheek circuits 
and measure volfdges. Lessons and current texts 
round out the entire program, emphasizing practical 
applications of theoriesindprlnctf 



Installing the disk-drive In the PC Is one of the final stages in the assembly of the 
microcomputer. Learning the use of test equipment to check circuits Is an Integral part 
of the training which, with field experience, develops Invaluable career skills. 




NTS COURSES COVER MANY 
AREAS OF SPECIALIZATION 
IN ELECTRONICS: 



Robotics: Build the NTS/HEATH Hero.1 
Robot as you learn robotic programming. 
Robot is complete with arm and gripper, 
voice synthesizer. Robotics is becoming 
increasingly important in industry as almost 
daily news features attest. 

Video Technology: Build one of the most 
advanced Color TV sets in America as you 
learn circuit diagnostics, and the use of 
digital test instruments. Course covers color 
TV, videotape recorders, computer 
fundamentals, solid-state devices. 

Industrial and Microprocessor 
Technology covers circuit analysis, micro- 
processors and automation applications, 
lasers, and basic industrial robotics. 

TV & Radio Servicing is a specialized 
course offering an excellent foundation in the 
use and application of both analog and 
digital test equipment as applied to the TV 
servicing field. Learn circuits, adjustments, 
trouble- shooting, and servicing of Color and 
monochrome monitors. 

Digital Electronics offers the student the 
opportunity to get involved with computer 
concepts, computer technology 
fundamentals, and digital equipment by 
training on the NTS Compu-Trainer. 

Basic Electronics is a course designed 
for those wishing to have an over-view of 
electronics in many of its aspects including 
radio receivers, solid state devices, and 
electronic components. 

NTS Intronic training programs include a 
variety of superb equipment, most of which is 
classified as field-type, making the training 
practical and career oriented. Texts and 
lessons have been tested in our Resident 
School in Los Angeles to assure home study 
students their courses of training are easy to 
understand NTS, now in its 80th. year, 
continues to be at the leading edge in 
Electronics home training. 

" fBM is a trademark of international Business Machines Corp. 
" MS is a trademark ot Microsoft Corp. 

tf card is missing, simply write to the address shown below staling 
the course you are interested in. A FREE color catalog with all 
details will be sent to you by return mail. 

NATIONAL 

TECHNICAL 

SCHOOLS 

TECHNICAL TRADE TRAINING SINCE 1 905 

Resident and Home -Study Schools 

4000 So. Figueroa St., Los Angeles, CA 90037 
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LEARN TV/VCR 
REPAIR 




Now you can train a I home in spare time for a mon- 
ey-imaking career as a TV/VCR Repair Specialise 
No need to qiiii your job or school. We show you how 
to troubleshoot and repair videocassette recorders and 
TV seis h how to handle house calls and shop repairs for 
almost any make of television or VCR. You learn about 
TV receivers, tuners and antennasj x-ray emission, the 
characteristics of sound, how electrical impulses are con- 
verted into a TV picture, and much, nnuch more. Tools 
are Included with your course so you can get "hands-on" 
practice as you foilow the lessons step by step. Send for 
free facts about opportunities In TV/VCR Repair and 
find om how you can start making money in this 
great career. 

Experts show you what to do, how to 
do it. ..guide you every step of the way! 

Everything is explained in casy^to-undcrstand language 
with plenty of drawings, photos and diagrams. Gut if 
there is ever anything in your lessons you don't under- 
stand, you can write or phone your instructor and you 
can count on getting an authoritative answer. Send for 
free facts and color brochure. No cost. No obligation. 
No salesman will visit you. MAIL COUPON TODAY! 

ICS SCHOOL OF TV/VCR REPAIR, tfcpt OE01 S 

[twoinw] Scrarrton, Pennsylvania 15515 

Please send me free facts on how I can learn TV/VCR 

Repair at home in my spare time. No salesman will visit. 

Name Age 



Address 

City/State/Zip _ 
Phone ( )_ 



miiMiui 



CO 

o 

O 
IT 

G 



< 

LI 



40 




Free 
holster 
with 
purchase 



EQUALIZER 



■ The ultimate n on- lethal defense 
weapon. 

• In five seconds can immobilize your 
attacker, even through heavy clothing. 

■ Discharges over forty thousand volts 
ot electricity from a nine volt nickel- 
cadmium battery. 

■ $49.95, Mass 5% sales tax, $3.00 
shipping and handling. 

1-800-522-2636 



FOR ORDERS ONLV 

617-871-5611 
FOR INFORMATION 



Cameo Enterprises, Inc. 

P.O. Box 63, Accord, MA 02018 
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Rhoades TE-600 

Teledapter Stereo 

Synthesizer 

Add simulated stereo sound 
to your video set-up. 



THE HOTTEST THING IN VIDEO THESE 

days is audio. Or, to be more pre- 
cise, stereo audio. Everywhere you 
turn, you see the new stereo TV's 
and VCR's. 

But many of us still own mono 
equipment, and the idea of scrap- 
ping an otherwise quite servicea- 
ble set-up in favor of a new one 
just for the sake of stereo often is 
not appealing. And it is certainly 
not economical, especially when 
one considers the high-end price 
tag of much of that new equip- 
ment. 

There is an alternative. It is the 
Rhoades (Highway 99 East, Colum- 
bia, TN 48401} TE-600 Teledapter. 
The primary use of that device is as 
a stereo synthesizer, but it has 
other features that help make sure 
that the unit will not someday join 
the rest of your system on the 
scrap heap. 

A stereo synthesizer 

The primary application of the 
unit is as a stereo synthesizer. It 
can accept a mono-audio input 
from a TV, VCR, etc., and produce 
a stereo-audio effect. A low-im- 
pedance input is provided to ac- 
commodate those systems where 
no audio output is provided. In 
those cases, the audio can be 
tapped directly from the TV's 
speaker terminals and fed to the 
low-impedance input. An input- 
level control is provided to set the 
low-impedance input to the prop- 
er level. 

The unit uses Rhoades' Stereo- 
Plex circuit to perform the stereo 
synthesis. According to the man- 
ufacturer, that circuit works by 
creating a time delay between fre- 
quency elements of the original 
signal. The manufacturer claims 
that that technique allows the fre- 
quency response of the derived 
stereo channels to be essentially 
flat from 20- to 20, 000- Hz. 

In use, the stereo effect that re- 
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suits is dramatic. A/B testing is fa- 
cilitated by an in/out switch on the 
front panel. When stereo syn- 
thesis was selected, the sound 
spread out and filled our listening 
room. Listening to the same 
source material in both "natural" 
stereo and synthesized stereo, it 
was often difficult to discern be- 
tween the two. 

And a bit more 

If the TE-600 stopped there, it 
would merit a spot at the top of the 
list for anyone interested in such a 
product. But there's quite a bit 
more to that unit. 

Rhoades has provided for the 
day when your video equipment 
will be upgraded. An ambience 
circuit that's designed to work with 
stereo sources has been included 
in the unit. That circuit detects and 
reduces common components of 
the audio from the two stereo 
channels. The result is widened 
stereo separation and a concert- 
hall effect. For instance, when the 
ambience circuit is used, vocals 
tend to reverberate and seem to 
"bounce" off walls, as they would 
in a live performance. 

Finally, the manufacturer has in- 
cluded a National Semiconductor 
DNR noise-reduction system. That 
noise-reduction system can be 
used with either mono or stereo 
sources. In addition, it is single- 
ended. That means that, unlike the 
more familar Dolby systems, it 
does not require encoded source 
material. It will remove high-fre- 
quency hiss from all sources, in- 
cluding TV, video and audio tapes, 
AM and FM broadcast radio, and 
satellite signals. When properly 
set, the DNR circuit did an excel- 
lent job of removing that high-fre- 
quency hiss, without appreciably 
affecting the frequency response 
of the input material. 

The unit's built-in switching ca- 
pabilities can accommodate up to 



CLEARANCE! 
TEST EQUIPMENT 




SOME EXAMPLES 



BIOMATION 



DATA I/O 



ANALYZE!! 



Kiel's n 



ANALYZER 



BEEHIVE 



TOPPHB TERMINAL 
W/MICROCOMI'lTER 



DM-« BURROUGHS 
COMPATIBLE TERMINAL 

CASE (KUDU) 



OOMEX 4 
COM EX 8 

ii I i • l 



MODEM 
MODEM 
MODEM 



UNIPAK II 


TO XI RAMMING PACK 


1120 A 


CONTROL UNIT 


29A 

DATASOBTH 


PROM PROGRAMMER 


180 


PRINTER 


DOLCH 




52MA 


ANALYZER 


UUO 


COMPASS 


MICROCOMPUTER; 
TERMINAL 



H EWLETT PACKABD 

61 0E ANALYZER 

IfillA ANALYZES 

TERMINALS VARIOl IS MODELS 

IMTEL 

MDS-225 MD SYSTEM 

MDS 225A i\ ID SYSTEM 

MDS 21(1 MD SYSTEM 

MDS 2Kf> MD SYSTEM 

MDS 286A MD SYST1 M 

TEKTRONIX 



800 2 A 

WANG 



MD SYSTEM 



oma; assistant 



ACT NOW. 

Quantities are limited. 
The first reasonable offers 
will be accepted. 



For our Hot Sheet on the 

complete inventory, send in 
the reader service card or 
call 

800-824-2873 

for details. 
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Overstocked and discon- 
tinued test equipment is 
being sold by U.S. Instru- 
ment Rentals at clearance 
prices. Equipment is pre- 
owned, fully tested and 
warranted. Thousands of 
models from over 100 
manufacturers are repre- 
sented: HP, Tektronix, 
Fluke, Intel and others. 
Special financing is 
available. 




AN OFFER! 

Some overstocked equip- 
ment has to move fast! 
Offers are being accepted 
for analyzers, scopes and 
development systems . . . 
Products include: HP, 
Tektronix, Intel, Dolch 
and more. 

United States 
Instrument Rentals, Inc. 

71 A U.S. Leasing Company 



Vh 



2988 Campus Drive 
San Mateo, CA 94403 



Please write in your work 
phone number and address 
on the reader service card. 
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fro-Quo HtY. FooNro-PoclwJ 

MULTIMETER 




# 



Take It Anywhere 



69 



A 'lard-hekl nscillatn* the Sire 
of a digital multimeter' 23 

ranges of sine Er square waves 
(switchable] between 20 Hj 

& l 5k.Ht:. plusaxl 00 range; 
46 settings if all. Manv other 
features: 600 ohms output. 

Hand-Held 
RC OSCIL 




ROYEL SOLDERING STATION 



The ideal professional iron! tt's ultra-tight weight, so you can use it 
comfortably for long periods- Superior design ensures thai the 
temperature at the tip will be precisely the one selected. This is a 
lasting iron for the production line or workshep. 

Corrosion-fren ^ullicore 

SO I D EC ^" - - - - - - ' - 7 - ( - ia ^ 



Top-Quatity, 



Cat N0623 0.3 ."(2 1g) 



7oz. 
7pr 
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SWISS-MADE QUALITY 




GHz 
Frequency Counter 

• Range: Switch selectable in j. ranges 

Coupling AC 

• Sensitivity: (measured at counter input] 
INPUT A[25 Vrms lOktz to 10MHz 
INPUT B]50Vrms 1 OOMHa to 1GHz 

• Input impedance: INPUT A 1 MOhnV&Opf 

INPUT 6 50ohm nominal 

• Max. Input: 250V p-p declining with 
frequency 10 3V p-p 

• Gate Time; 3 switch aalectablegate limes 
FAST, MEDIUM, SLOW/0. 1 s, 1 s,10s 

• Resolution V sac Gate: 

01 Hz t i tOMi \i range 
1Hjo> 00MHz range 

lOKi j.i 1 GHz rangeMO sac gate time} 

• Time Base: 390625 AND 10MHz 
(Crystal Oscillator frag) 

• Display; 9 digit 05 7 segment LED 

• Power Req: 12V DC® 400mA 220/1 10V 
AC transformer with wall plug or NV-Cad "C 
cells. Ni-Csd recharging unit is standard 

• Si*e:B.a r 'x7 3 rr it3" 



oo 



Invaluable around the home or workshop, n 
will give a maximum of 1 ampa 3.4.5.6.7.5.9 

and 12 volts DC. Simply plugs into 1 1 7 VAC 
power sockevDC connections via universal 
socket plug. Ideal for use wfth alarm systems. 
mrercoms. etc. 



RECHARGEABLE BATTERIES 
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CatS-3320 !2V3Ah 13 
(CMigwi CatS-3315 12V 1.2 Ah |7gg 
MiaAHloHD I 



Choose Either - only 9 99 
SIGNAL GENERATOR 

SPECIFICATIONS: 

Frequency range; 100kHz to 150MHz in six over- 
tapping ranges 
Accuracy: #A 1-5% 

RF ouipul: lOOmV rms appro* (up 10 35 MHz) 
Modulation: 1 kHz internal, SOHt ■ 20kHz external 
Audio output: 1 kHz at IV rms (fixed) 
Crystal Oscillator: 1 -1 BMHi external crystal. FT243 
holder 
Supply voltage: 1 1GV Ac 

AUDIO GENERATOR 

SPECIFICATIONS: 

Frequency range: 20Hz-200kHr 

Accuracy; #/- 396- 2Hz 

Output impedance; 600 ohms unbalanced 

Output Control: High/Low unbel (-200dB) and fine 

adjuster. 

Sine wave output: 20Hz-20kHz. 5V rms max at 1 96 or 

less distortion 

Square wave o/p: 20Hz. lOVprpmax, O.Sus rise time 

Sych: * /- 396 of oscillator frequency per V rms 




CalO-1315 
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SATISFACTION GUARANTEED 
OR YOUR MONEY BACK 

Deluxe Wire Stripper 

was £8.95 

N o* «5" 

This is a com plalely automatic wire si ripper 
Only one hand is required to complete strip- 
ping operation The multiple sized head strips 
■ range of wire from 04" to .I'll" 

Hew & UNUSED! 

1 2V DC STEPPING MOTORS 

Choose fron Two Models 
Cat J-0015 ■ single shaft 

• 18 step angle • 4 A drain per phase 

• 2.22" square base 

Cat J-001 B ■ Double shaft 

• 1.8 step angle #) 6A drain per phase 

• 2,22" square base 

Ideal for Robotic a projects - ask for the books 
we sell on this topic' Normal WHOLESALE 
price on these motors is around £70, but our 
scoop purchase lowers the price to save you 
a fortune* _ _ 

only»1 4" 




CO- AX 

RELAY 

reg SI 9.95 

JUST 

Mini peb mounting relay whh fully enclosed 
contacis for coax cable. Coil rated at 1 2 volts. 
30mA Handles up to 1000 Mi so its ideal 
for all H F, VHF and U HF switching applications. 

TRANSFORMER 

req. 17.95 

HO**4" 

'•■■■-■»: nrjv AC 
TafipW 5*«ndiry 1S IT G JQ 2* 
VoHbQct 37 S 30 HlEi 

CaiM-6672 SKOKjwC«i'*ni inm 



HtAVY DUTY SOLID-STATE 

13.8V/4A Peak 
•19! 




Regulated DC Power Supply. .38 VDC. 
3/5 Amp, For home, lab service bench, CB 
stereo and auto radios, this is an extremely 
ver Miite unit. You'll wonder how you managed 
without it" Input is 1 1 7VACGOHzl00W r 
and the output is fully regulated low ripple 
1 3 8 VDC to supply, 3 Amps continuous and 
up to 5 amps surge. The unit is fuse and 
double- snort circuit protected with orv*off 
swiich and pilot light 




Buy 

by 

the 

Carton 

and SAVE!! 



Professional quality black instrument case 
fits standard 1 9'" racks, oveiaN they're 1 6, 7 5 " x 
9.8" x 5,5". Supplied flat, assembly takes 
rust a couple of minutes. Heavy gauge (0- 1 2" |i 
front panel; top and bottom prepunched for 
ventilation. n A un 

*29 es each 



40 Pin DIL Socket „ 

tMP-«350 RBB.45C MOW 25 

MOLEX IC Socket Strip 



Moke you r own IC sock in* just cut ihe req ulred number 
ct pins ftom the strip & soidar ttiem in' 1 00 pins/strip 
Cot e.4504 Pock ol 100 reg S2 50 ,J M 

NOW *1 w 



SPEEDY 
BOXES 



• Tough moulded Case 
with deep ribbed sides 

• Close- fitting aluminum lid 

• Screws supplied 




as 



s4 
Cat H-2755 3" x 2" » 1" only »' 

of 10 for S5 

*2 M 



CatH.2761 6"« 3.5 "'« 2 " onh» 



or 1 □ for J 1 




DICK SMITH KITS 



AUDIO ALARMS <^p 

Fiija-ta.Trta"ial Piai»n • af% Q M. ^^^"^^ 



Two-Tone Piezo 

Cat L-7027 reg S395 MOW 

Slim P{no Alarm 

Cat L 7024 rag $2.95 

NOW 



PROFESSIONAL SERIES 
MOSFET AMP KIT -^'^ 

POWHI OUTPUT Out CMnntl •oltl Ctwnrnd 
4ohmt 1(4 W HOW 

I t*mt 104W 99W ■ 

HatMMIC CHSTOST10N 

Leo then o 2% lor all pewsts up ro 

100 w infD 8 c^im Imck 
L«S( tnon 3*1« Oil 0W(r5 up re $|1RQ 

ISO WlnloJ ohm KXS6S ** ** **» 




MK 2 Car Alarm 

One of the most sophisticated, yet simple 
alarms around. It uses a triggering technique 
which makes it less prone to false alarms - a 
common probtam with many car alarms, yet 
il will sense a voltage droo anywhere in the 
electrical system. For example, when a door 
is opened, or ? rum per lead is applied to the 
starter, etc, it is housed in a virtually waler* 
proof die-cast case to minimize ingress oF 
moisiure or fumes, and all connections are 
made to the terminaE strip for easy installation 
and removal Cat K-3253 ^ J JM A 

was*24" mow* I** 95 



Ignition Killer 

Ingenious but simple circuit based on a 555 
timer that Hilerally kills your car ignition and 
then re-sets itself, making the thief think 
something is wrong with Ihe engine. The 
theory is he'N then cfn and pinch someone 
else's car mstead.Cat K-3255 



was*14 9B now 
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Stereo Preamp 

This amazingly versatile unit can be buili as a 
magnetic cartridge preamp (for upgrading 
your stereo}, a tape preamp or an auxiliary 
preamp with 40, 55 or SOdB gain. It is 
extremely simple; uses only one special EC 
and is very small, all parts fil on a PC B less 
than 2H square. It does not need a special 
power su pply as any reasonable power supply 
from 10 to 40Vwilldo. Frequency response 
is well beyond 20 kHz. Full instructions are 
supplied. Cat K-3427 

r*4 95 
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LCD Panel Meter 

A versaiilte accurate panel meter using a 
large liquid crystal display for low power 
consumption. The PC board design allows 
for maximum flexiblity to cater lor varied 
mounting arrangements. The tow cost makes 
it ideally suited as a readout device on many 
projects, at both amateur and professional 



99 



level Cat K-3450 

was'29* 



NOW 
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CIRCLE 95 ON FREE INFORMATION CARD 




Come In or coll to ask obou! 
Our complete Sa tel I rte Systems, 
designed to lit every budget. 






Superb design uses latest IC technology 
Low component count makfls it varv 
reliable and easy to build. Measures 
frequency to 500 MH* (with optional 
pre- scalerj and penod both with a 7 digit 
resolution. Supplied with the exclusive 
Dick Smith simplified circuit board wir- 
ing, stop-by-step instructkjns and a quah 
ily pre- punched an ri si Ik scree nwd front 
pane) and esse. ^^ jm*. 

«89 ss 

PreScaler Kit 

Increase Ihe range of your K-343S 

Frequency Counter to a more prof esstonal 
range of operation. . . 1 0-5QOMH2. 
CalK-3439 



Another 

Exclusive 

DICK SMITH 
KIT 



Get More from Your TV! 

Right now le*t& graphics are being transmitted as digital data in the Vertical 
BianVmg Interval on vour TVi The latest news, weather, stock & business 
information, spem scores and b wealth of other features are yours ■ for Free! All 
you need is a leleiext decoder. Our engineers have designed this easy-to-build 
kit to bring teletext to you at an incredibly low price (Note: Requires pre-tuned 
composite video & audio outputs from vow VCR. Satellite Receiver, component 
TV Tuner, some Cable TV decoders, or some newer TVs with composite tuner 
output*) 

TELETEXT DECODER KIT <**»« 




CALL WRITE, OR VISIT OUR RETAIL CENTERS! 



STOKES AT: 

BERKELEY: 

REDWOOD CITY: 

SAN JOSE: 

LOS ANGELES: 
HEAD OFFICE 



ORDERS ONLY 

2474 ShaWucf! Ave. (415)4960756 VflWBlw* will. I 

3«J Convention Way (415)36»-9944 
4790 Stevwil Cieek Mvd (409)241-2266 

1630 Wostwood Blvd. (213)474-0626 

390 Convention Way, Redwood City. CA 94063 



CALL TOLL FREE 1-800-332-5373 

(Mon-Ffi, 6am-6pm PACIFIC TIME) 
IN CALIFORNIA: 1-415-368-1066 



WHERE THE ELECTRQtijC ENTHUSIAST IS # 1 ! 




ELECTRONICS 

INCORPORATED IN THE STATE OF CALIFORNIA 



MAIL ORDERS 

P.O. Box 8021 Redwood City 

CA 94063 

14 DAY Money-Back 

GUARANTEE 
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Famous i 



.athkit 
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A very special computer & 
electronics guide that shows 
you what the exciting world of 
kitbuilding can do for you. 

Challenge. Knowledge. Achievement. Enjoy- 
ment. All of these things are yours when you build 
a Heathkit high-quality product. Our colorful, in- 
formative catalog reflects the years of experience 
and technological expertise that make these 
things happen for you. 



Amateur Radio Terminal 
Node Controller 



'<>* 



Precisian Test Instruments 



Hero s 1 Educational 
Robot and Courseware 

IBM-PC Compatible *■ 
Expandable Computers 



d 



Mr- 



Electronic Keyless Doorloek 



J 



In our catalog you'll find over 450 
interesting and useful items - from 
computer hardware and software to 
robots and test instruments, and from 
home security systems to color tv's 
and amateur radio equipment. 

But what makes Heath Company 
unique is that we offer you the confi- 

S&nd Jtf \nOW for your FREE Heathkit Catalog 



dence and pride that you can only get 
by building a state-of-the-art product 
yourself. And you're backed by our 
promise, "We won't let you fail." 

The Heathkit Catalog is a simple - 
and FREE - first step toward this ex- 
cellent opportunity. 
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TGSi I want to see what kitbuilding can do lor me. 
Please send me the latest Heathkit Catalog Free. 

Send to: Heath Company, Dept. 020-382 
Benton Harbor, Michigan 49022 



I 

I 

i Heathkit Ml 



Name. 



Address - 



City. 



Company 



I 

I A subsidiary pi Zen.ih Electronics Corporalian 

I 
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Rhoades TE-600 




OVERALL 
PRICE 






















EASE 

OF USE 


























INSTRUCTION 
MANUAL 
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three stereo or four mono inputs. 
A tape-monitor loop provision al- 
lows the unit to be inserted in the 
tape-monitor loop of any stereo 
receiver or amplifier. That allows 
the ambience circuit and/or the 
DNR circuit to be used with your 
audio equipment. 

Accompanying the unit was a 
rather rudimentary "manual. "That 
manual, consisting of but a single 
sheet of paper, provided some 
basic information about the unit, 
and how it is used, but little else. 
On the plus side, a technical-as- 
sistance telephone number is 
provided for those who have trou- 
ble hooking up their unit. Consid- 
ering the sketchiness of some of 
the information, we'd wager that 
the manufacturer gets a fair share 
of calls. 

This is a well-made, well- 
thought out product (with the ex- 
ception of the manual). It is cov- 
ered by a two-year limited 
warranty. The TE-600 is available di- 
rectly from the manufacturer for 
$145.00, plus $4.00 for postage and 
handling. R-E 




'The meaning of life? Just a second..." 



BUY A SCOPE 

GET A 
DMM 

FREE! 
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lOSeph Electronics give you a free 3 1 /s-digit DMM (Regularly: $79.95) 

/ith the purchase of any Hitachi Oscilloscope. For the best value on instrumentation 
.nd all your electronic needs CALL JOSEPH ELECTRONICS TODAY! 

HITACHI VC-6041 UX Professional 40 MHz Digital Storage Oscilloscope, 
eatures: Repeat Storage of Waveforms at 40 MHz • DC to 40 MHz range • 4000 
/ord memory per channel • Storage of 10 MHz - One time events a« A/sr 
Cursor Function • Probes • Free! Midland DMM Reg: $4950 Ij^t^yD 

HITACHI V-1100 A 100 MHz Readout Oscilloscope for fast, easy and precise 
leasuring. Features: Built-in computer • DC to 100 MHz range • Large 6 inch 
^RT • Quad channel • 8 Trace, delayed sweep • Digital Measurement 
18 Kv accelerating potential • Probes (tOirjC 

Free! Midland DMM Reg: $2490 3>£l;70 

1ITACHI V-222 High performance, lightweight 20 MHz portable 
soil loscope: Features: Compact Design • 6 inch CRT with internal 
raticule • 1 Mv Sensitivity • Dual Trace • Auto Focus • DC to 20 MHz range 
Vertical Trigger Mode • DC Offset * Probes <t/lQC 

Free! Midland DMM Reg: $715 $490 

1ITACHI V-422 Same as Hitachi Model V-222 above, with ftCOC 

angeDCto40MHz • Free! Midland DMM Reg: $925 ODZD 

1ITACHI V-650F Best-selling Oscilloscope, 60 MHz, dual trace delayed 
weep. Features: Large, bright state-of-the-art 6 inch CRT • High sensitivity of 
MV/div • Dual Trace • Delayed Sweep • Trigger View • Auto- £ q -Tr- 
ial ic Focus • Probes • Free! Midland DMM Reg: $1195 tyOiD 

IITACHI V-1050F Superb 100 MHz, Quad Trace Delayed Sweep Oscilloscope, 
eatures: Large, bright 6 inch CRT • Quad Trace Operation (4 channels) 

High Sensitivity • High Accuracy • Alternate Timebase Operation • 20 MHz 
andwidth limiter • Full TV Triggering • 10x Magnification <ti1CH 

Auto Focus • Probes • Free! Midland DMM Reg: $1595 *j> I iDU 

end for our new Joseph's Test Equipment Catalog, featuring 116 pages of 
emendous savings on all 25 leading instrumentation lines. This catalog is free, too. 




Midland DMM 23-215 This pocket-sized DMM 
features: 3 1 /s digit readout, ,5% accuracy, 10 Meg 
input, and full overload protection to meet UL1244. 

Call: 1 (800)323-5925 

In Illinois: (312) 297-4200 
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HANDLING CHARGES 


ORDEfl 


ADD 






$0-989 

$1000 - 2499 
$2500 ■ up 


S10 
$15 
$20 


: 
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8830 N. Milwaukee Ave., 
Niles.IL 60648 



New Ideas 



An inexpensive crystal timebase 
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S2 



_». TIMEBASE 
OUTPUT 



RESET 
OUTPUT 



FIG. 1 



STOPWATCHES, DIGITAL EVENT COUN- 

ters, and frequency counters need 
an accurate and stable source of 1- 
Hz pulses. Figure 1 shows a way of 
generating 1-second and 0.1-sec- 
ond pulses, as well as a manual 
reset pulse, using an inexpensive 
TV colorburst crystal, a pushbut- 
ton switch and a few common IC's. 
Since all IC's are CMOS types, the 
circuit may run from any five- to 
fifteen-volt power source. The 
whole circuit, including lC sock- 
ets, can be put together for under 
ten dollars. 



Circuit operation 

An on-board oscillator and a 17- 
stage divider compose I CI. By 
connecting a standard 3.58-MHz 
television color-burst crystal as 
shown, an accurate source of 60- 
Hz squarewaves is generated at 
the IC's output, pin 1. Those pulses 
are then fed to IC2, a 4024 seven- 
stage ripple counter. Its outputs 
are connected to different gates in 
IC3, which is a dual four-input 
nand gate. Depending on which 
position pulse-select switch S2 is 
in, one of those gates will provide 



NEW IDEAS 

This column is devoted to new ideas, cir- 
cuits, device applications, construction tech- 
niques, helpful hints, etc. 

All published entries, upon publication, will 
earn $25. In addition, for U.S. residents only, 
Ranavise will donate their model 333— The 
Rapid Assembly Circuit Board Holder, having 
a retail price of $39,95. It features an eight- 
position rotating adjustment, indexing at 45- 
degree increments, and six positive lock posi- 
tions in the vertical plane, giving you a tu It ten- 
inch height adjustment for comfortable work- 
ing. 

I agree to the above terms, and grant 
Radio-Electronics Magazine the right to 
publish my idea and to subsequently re- 
publish my idea in collections or compilations 
of reprints of similar articles. I declare that the 
attached idea is my own original material and 
that its publication does not violate any other 
copyright. I also declare that this material has 
not been previously published. 



Title of idea 



Signature 



Print Name 



Date 



Street 



City State 

Mail your idea along with this coupon 
to: New Ideas Radio-Electronics, 
200 Park Ave. South, 
New York, NY 10003 



Zip 



an output/reset pulse of the se- 
lected width. 

First assume that S2 is in the 0.1 
second position. The Q2 and the qi 
outputs of IC2 go high after six 
input pulses have been received. 
Pin 13 of IC3-a then goes low, so 
pin 11 of IC4-a goes high, and that 
resets 1C2, so counting starts over. 
If S2 is in the 1 second position, the 
reset/output pulse is generated 
when (C2's Q3-Q6 outputs (pins 
2-5) all go high; that is, after 60 
input pulses have been received. 

The pulse from IC3-a or IC3-b is 
continued on page 111 
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^*-«U MASTER THE NEW ELECTRONICS WITH McGRAW-H ILL'S 

ftntempomiy 
Hectorilcs Seties 



The fast, easy and low cost way to 

meet the challenges of today's 

electronic innovations. A unique 

learning series that's as innovative as 

the circuitry >t explains, as 

fascinating as the experiments you 

build and explore. 

From digital logic to the latest 
32-bit microprocessor, the McGraw- 
Hill Contemporary Electronics Series 
puts you into the electronic picture 
one easy step at a time. Fifteen 
unique Concept Modules, sent to you 
one every 4-6 weeks, give you a 
handle on subjects like optoelec- 
tronics, robotics, integrated circuits, 
lasers, fiber optics and more. 

Each Concept Module goes 
right to the heart of the matter. 
You waste no time on extraneous 
material or outdated history. It's a 
fast, efficient, and lively learning 
experience. . .a non-traditional 
approach to the most modern of 
subject matter. 

Unique Interactive Instruction 

With each module, you receive 
a McGraw-Hill Action Audio 
Cassette. Each tape is a dynamic 
discussion that drives home the key 
facts about the subject. Your learning 




experience is reinforced through 
interaction with vividly illustrated 
text, audio cassettes, and actual 
electronic experiments. Indexed 
binders preserve backup material, 
notes, and tapes for convenient 
referral. 
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Perform 

Experiments 
in Contemporary Electronics 

Throughout your series, lab- 
oratory experiments reinforce every 
significant point. This 
essential experience 
. . .dynamic, hands-on 
demonstrations of 
theory in practice . . . 
will help you master 
principles that apply all 
the way up to tomorrow's 
latest VLSI (Very Large 
Scale Integrated) circuitry. 

In your very first module, you'll 
use integrated circuits to build a digital 
oscillator, verifying its operation with 
a light emitting diode (LED). You'll 
learn to identify passive and active 
components, understand concepts 
common to all electronic circuits. 

For Anyone Interested in Electronics 

The Contemporary Electronics 
Series is designed for anyone from 
hobbyist to professional. It's for you 
if you're looking for new fields of 
interest. . .if you're a teacher who 



A 



wants 
an update in con- 
temporary circuits. . .a 
manager or supervisor in an electronics 
plant. . .a doctor, an engineer, a chemist 
who finds electronics playing an 
increasingly important role in your 
work. It's even for electronics engineers 
or technicians who feel their training 
needs freshening up. It's the quickest, 
most convenient, 
probably least 
jjpj expensive way to 

S** doit. And the 
^!* f^/T only one that gives 
ffi**^ _^__1 you hands-on 
"^v" experience. 

15-Day No-Risk Trial 

To order your first module with- 
out risk, send the postage-paid card 
today. Examine it for 1 5 days under 
the terms of the order form and see 
how the Contemporary Electronics 
Series gets you into today's electronics. 
If card has been used, write us for 
ordering information. 



McGraw-Hill 

Continuing Education Center 
3939 Wisconsin Ave. 
Washington, D.C. 20016 
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Regency Scanners 

Bring you the Excitement of Police, 
Fire, Emergency Radio, and more. 



MX4000 



£2 



o 



T 



MX5000 






MX3000 : 






Our radios deliver the local news. 
From bank hold-ups to three 
alarm fires. It's on-the-scene 
action. While it's happening from 
where it's happening ... in your 
neighborhood. 

You can also listen to weather, 
business and marine radio 
calls. Plus radio telephone 
conversations that offer more real 
life intrigue than most soap 
operas. And with our new models, 
there's even more. 

Unique Capabilities 

Introducing two all new Regency 
scanners. First, there's the 
MX7000, a 20 channel, no-crystal 
unit that receives continuously 
from 25 to 550 MHz and 800 MHz 
to 1.2 GHz. That's right! 
Continuous coverage that includes 
VHF and UHF television audio, 
FM Broadcast, civil and military 
aircraft bands and 800 MHz 
communications. Next in line is 
the new MX4000. It's eight band 
coverage includes standard VHF 
and UHF ranges with the 
important addition of 800 MHz 
and aircraft bands. Both units 
feature keyboard entry, a 



multifunction liquid crystal 
display and selectable search 
frequency increments. 

Practical Performance 

If you don't need the 800 MHz 
range coverage, Regency offers 
two exciting new units. The 
MX5000 is a 20 channel, 
no-crystal scanner that receives 
continuously from 25 to 550 MHz 
with all the same features as the 
MX7000. Then there's the 30 
channel MX3000. It's digitally 
synthesized so no crystals are 
necessary, and the pressure 
sensitive keyboard makes 
programming simple. What's 




more, it has a full function digital 
readout, priority, search and scan 
delay, dual scan speed, and a 
brightness switch for day or night 
operation. 

At Home Or On The Road 

With compact design, easy access 
front panel and mounting bracket 
these Regency scanners are ideal 
for mobile* use. But we also 
supply each radio with a plug-in 
transformer and a telescoping 
antenna so you can stay in touch 
at home. The MX4000 even has a 
rechargeable battery pack so it's 
fully portable. 

See your Regency Scanner 
Authorized Dealer for a free 
demonstration on these and other 
new Regency Scanners. Or, write 
Regency Electronics, 7707 
Records Street, Indianapolis, 
IN 46226. a 



ELECTRONICS 
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INC 

7707 Records Street 
Indianapolis, IN 46226-9989 

'Mobile use subject to restriction 
in certain localities. 
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Wireless 

Video Camera 

Link 



Use this high-performance video-camera link I ^ 

to transmit signals from your video camera to Hk^ ' 

your VCR, or from your VCR to TV's all over your home! 

WILLIAM SHEETS AND HUDOLF F. GRAF 

i ( ) BE FREE OF THE CUMBERSOME "UMB1LI- 

cal cord" that connects your video camera to your VCR. 
then our high-performance wireless video link is just what 
you need, lis small size and light weight make it a natural 
for "wireless" video-camera recording. You'll be able in 
capture all those shots you're missing because your camera 
cord is just a little too short, or because it resiricls your 
maneuverability in tight places. 

Our wireless link can transmit high-quality audio and 
video to any UHF TV channel. Low power requirements- 
allow the transmitter to run on AA penlight batteries, and 
the PC board can be mounted easily in a small metal case, 
connilete with batteries and a short antenna. The transmit- 
ter is crystal-controlled and it's easy to build and align. In 
addition, it uses low-cost, easy-to-gei components, and it 
can be built for well under $100. 

Transmitter circuit overview 

_ The block diagram of the wireless tfideo link is shown in 
Fig. 1, The RF chain is fairly conventional. Its lirsi siaee is a 
crystai-Co'ntrolled oscillator iQI) with a frequency of 60 to 65 
MHz. which is one-eighth the final output frequency. For 
example, our prototype used a crystal frequency of 60.40625 
MHz. which gives a final output frequency of 483.25 Mil/ - 
the video-carrier frequency of UHF channel sixteen. 

The oscillator produces a signal of about + 6 dBm (4 
milliwatts) that drives three stages of frequency doublers. The 
combined action of those doublers multiplies the input 
frequency by eight for a final nutput frequency of (nominally) 
500 MHz. Double-tuned circuits are used between each stage 
to help reduce spurious outputs that might cause unwanted 
interference. 

The video input signal (tram your VCR. video camera, 
etc.) drives a video modulator (Q6 and Q7) that adds die 
video signal to the t 12-volt line supplying power to the final 
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doubler <Q4) and the output amplifier 
(Q5). That method of modulation is sim- 
ilar to the way a conventional AM-radio 
transmitter is modulated. The video mod- 
ulator has a nominal bandwidth of five 
MHz. 

Audio input is applied to Q8, which 
operates as a VCO (Voltage Controlled 
Oscillator) running at a nominal frequen- 
cy of 4.5 MHz to produce the modulated 
sound carrier. For simplicity, Q8 is a free- 
running oscillator, since the ±25-kHz 
frequency deviation that is required would 
be very difficult to produce at that fre- 
quency with a crystal-controlled os- 
cillator. Besides, most TV sound systems 
will accept a ± 10-kHz error in the sound- 
carrier frequency without producing un- 
due distortion, and that greatly simplifies 
the circuitry required. 

Calculating maximum range 

The following equations may be used to 
calculate the maximum range you can ex- 
pect from the wireless video-camera4ink. 
i- j^ , — &U logarithms in trrrs ~eqTTaTion (and in 
those following) are calculated in base 10; 
frequencies (/) are specified in MHz; and 
distances (D) are specified in miles. 

The average TV receiver has a band- 
width (BW) of 4.0 MHz and a noise factor 
(NF)of 6dB. For a snow-free picture, the 
carrier-to-noise ratio (C/N) should be 40 
dB or better. Receiver sensitivity can then 
be calculated as the Minimum Desired 
Signal (MDS); 

MDS = NF + 10 log (BW)- 174 + C/N 

Plugging values into that equation, we 
find that: 
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MDS = 6 + 10 log (4 x10 6 )- 174 + 40 

Therefore, MDS = 62 dBm, or 
0,794 XlO"3x 273 = 216 millivolts. So 
for a transmitter power of + 15dBm and 2 
isotropic antennas, that allows a Path Loss 
(PL) of 87 dB. 

PL = 37 + 20 log (D) + 20 log (f) 



Isolating the distance factor we see that: 

20 log (D) = PL - 37 -20 log (r) 

20 log (D) = 87 -37 -(20x2.7) 

log(D) = -4/20 = -0.2 

So the maximum range obtainable should 

be: 

D = 10~° 2 

D = 0.6 mile = 3100 feet 

However, you wouldn't really be able to 
get a range of 3100;feet because of reflec- 
tions, loss from "dead spots," terrain 
loss, and obstacle shielding. However, a 
distance of several hundred feet is easily 
possible using a + 12V supply. 

Detailed circuit description 

The complete schematic of the wireless 
video link is shown in Fig, 2; we'll discuss 
each stage in detail. Transistor Ql is a 
common-base (or Colpitts) oscillator bi- 
ased by resistors Rl, R2, and R3. Induc- 
tor L4 and-capa*itors C3, C4, C5, and C8 
form a circuit that is tuned to the frequen- 
cy of the crystal. 

The crystal is series-resonant at some 
frequency between 60 and 65 MHz, so it 
appears as a low impedance (50 ohms or 
less) at that frequency. Therefore Ql will 
have sufficient gain as a common-base 
amplifier only at the resonant frequency 
of the crystal. Hence the signal developed 
at the junction of C4 andC5 will be ampli- 
fied by Ql only if that signal is ai the same 
frequency as the crystal. At that frequen- 
cy, Ql, has sufficient gain to oscillate be- 
cause the ratio of the voltage initially 
developed between C4 and C5 to that at 
Ql 's collector is greater than unity. 

Capacitors C3 and C8 complete the 
tuned circuit; they also form a voltage 
divider that feeds the base of Q2 about one 
volt of the signal from Ql . Transistor Q2 
functions as an overdriven amplifier that 
distorts its input signal and thereby pro- 
duces harmonics of the input frequency. 

The second harmonic (120 MHz) is the 



PARTS LIST 

AH resistors '-•.-watt, 5% unless other- 
wise noted. 

R1, R5,B11— 22,000 ohms 

R2. R6, R12. R16— 4.700 ohms 

R3, R7, R13— 220 ohms 

R4, R9. R10, R18, R19, R21, R25— 100 
ohms 

R8, R14, R33— 10 ohms 

R15, R26, R35— 100,000 ohms 

R17, R28, R30— 2200 ohms 

R2Q, R22— 470 ohms 

R23, R27, R34— 10,000 ohms 

R24 — 3300 ohms 

R29— 82 ohms 

R31 — 1000 ohms, linear taper potentiom- 
eter 

R32— 10,000 ohms, audio taper potenti- 
ometer 

Capacitors 

C1, C6 ; C15, C32, C38— 0.01 jjlF 50 volts, 
cermaic disc 

C2, C7, C9, C14, C16, C23, C2S, C29, 
C30— 470 pF cermaic disc 

C3— 33 pF. 5%. mica 

C4, C19— 15 pF, 5%, mica 

C5— 56 pF. 5%. mica 

C8-^B2 pF. 5%, mica 

C10— 18 pF, 5%, mica 

C11 — 2pF, +1pF, mica 

C12— 24 pF, 5%, mica 

C13— 39 pF, 5%, mica 

C17— 8pE 5%, mica 

C18, C24—1 pF, ±1pF h mica 

C20— 12 pF. 5%, mica 

C21, C27— 47 pF, 5%, mica 

C22, C25, C28— 1-8 pF, potystyrene trim- 
mer 

C31, C33, C39— 8.2 p.F, 20 volte, tantalum 

C34— 470 pF, 5%, mica 

C35— 220 pF 5%, mica 

C36 — 5-60 pF, polystyrene trimmer 

C37— 100 pF, 5%, mica 

Semiconductors 

G1-Q3. Q6— 2N3563 

Q4— 2N3564 

Q5, Q7— 2N3866 

Q8— MPF102 

Q9— 2N3565 

LED1— standard red LED 

D1— 1N757 9V Zener 

D2— MV2117 varactor 

D3— 1N4002 

Other components 

J1— Video camera jack 

J2— BNC jack 

J3— Coaxial power jack 

L1— 6.2 iaH (see text) 

L2, L3—-O.074 jiH (see text) 

L4— 0.15 jjlH (see text) 

L5, L6— 0.035 iaH (see text) 

L7, L8, L9— 0.018 y.H (see text) 

L10, L1 1—5.6 u.H 

S1— SPST miniature toggle 

XTAL— Crystal (see text) 

Miscellaneous: Aluminum project case 

AA-penlight cell battery holders 

Note: The following are available from 

North Country Radio, P. O. Box 53, Wy- 

kagl Station, New York 10804: Etched 

and drilled PC board, ferrite cores for 

coils L1 and L4, and crystal for Chan- 
nel 14 or 15, $32.50; Complete set of all 

parts that mount on PC board, S69.95. 

in either case, be sure to specify chan- 
nel. 
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FIG. 2— COMPLETE SCHEMATIC OF THE TV TRANSMITTER Is shown here. The circuit is straightfor- 
ward, but see the text for information on winding coils L1-L9. 
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frequency we're interested in; L2 and CIO 
are tuned to that harmonic, and C8 is also 
series -resonant at that frequency. The ad- 
ditional base current supplied by C8 also 
improves Q2's efficiency of oscillation. A 
double-tuned circuit is provided by Cll, 
C12, C13, and L3; those components filter 
harmonics higher than the second, as well 
as the 60- MHz fundamental. 

Another stage of frequency doubling is 
provided by Q3, which operates very 
much like Q2, except that the tuned cir- 
cuits at its input resonate at approximately 
125 MHz, and its output circuits resonate 
at about 250 MHz. Again, Q4 operates 
like Q3, taking account of the values of 
the components in the tuned circuits. 
However, note that no emitter-bypass ca- 
pacitor or resistor is used. It is difficult to 
get good bypassing in the 430-500-MHz 
range with ordinary components, and it 
takes only a very small impedance in the 
emitter to kill the power gain of that stage. 
Therefore, the emitter is directly 
grounded. 

Power amplification is provided by Q5; 
it receives its drive from Q4 and the dou- 
ble-tuned VHF circuits composed of L7, 
L8, C22, C24, andC25. 

Both Q4 and Q5 receive their supply 
voltage from the emitter of Q7, which 
supplies +4,5 volts with no input signal 
to Q4 and Q5. That voltage has positive- 
sync -tip video superimposed on it. The 
video gain provided by Q6 and Q7 is 
about eight, and the bandwidth is greater 
than 10 MHz. Those transistors are capa- 
ble of driving a 75-ohm load to a level of 
10 volts peak-to-peak. 

Negative-sync input video from a cam- 
era, VCR, etc., is DC -coupled to the 
junction of R21 and R22. Video bypass is 
provided by C3L Gain and Q -point are set 
by R24; potentiometer R31 acts as a video 
gain control; and R29 keeps the input im- 
pedance around 75 ohms. 

FET Q8 functions as a Hartley-type 
VCO with a free-running frequency of 4.5 
MHz; C36 is used to fine-tune that fre- 
quency. Feedback is provided by C35 and 
C34; D2 is a varactor (variable-capaci- 
tance) diode. It is biased at about nine 
volts by R25, R26, and Zener diode Dl, 
which also biases Q8. 

The varactor (D2) changes capacitance 
at the audio rate, and that causes the os- 
cillator's frequency to vary. In other 
words, the varactor provides frequency 
modulation (FM). Audio is fed to D2 via 
R27 and C38, and C37 provides RF by- 
passing at 4.5 MHz. The small value of 
tn C38 (0,01 |xF) provides pre-emphasis to 
Q the audio. Audio pre -amplification is 
O provided by Q9; R32 is the audio gain 
£ control. The 4.5-MHz FM signal from Q8 
y is summed with the video signal through 
gj R23. The sound-level carrier may be var- 
O ied by changing R23 as necessary. 
Q The power supply is a 12- volt battery 

cc pack composed of eight AA alkaline 
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FIG. 3— COMPONENTS ARE MOUNTED ON THE PC BOARD as shown here. Note how R31 dangles 
from the PC board. We suggest you use a more secure method of mounting that potentiometer than we 
did. 



cells; 10 AA Ni-Cd cells could be used 
instead. Alternatively, external power 
may be coupled in through jack 13. The 
power-on condition is indicated by LED1 , 
which is current- limited by R28. 

If, for any reason, video bandwidth 
must be reduced, simply add a small ca- 
pacitor across R24. It should have an im- 
pedance equal in magnitude to R24's 
impedance at the highest intended video 
frequency. 

Construction 

Our transmitter is built on a single- 
sided PC board; the foil pattern is shown 
in "PC Service" elsewhere in this maga- 
zine. You may use either 0.8- or 1.6-mm 
G-10 glass-epoxy PC-board material . For 
most low-power, solid-state applications, 
G-10 epoxy is suitable for frequencies at 
least as high as 1000 MHz. That material 
has high electrical resistance, low elec- 
trical loss, mechanical rigidity, dimen- 
sional stability and low water- absorption 
characteristics. 

The majority of construction projects 
published the past few years have been 
digital — low frequency — projects. Since 
many hobbyists have never attempted to 
build a high-frequency project like our 
transmitter, a few words about UHF con- 
struction techniques are in order. So bear 
with us for a few moments if what we say 
below is old hat to you. 

First, be careful to select the proper 
components. For example, at low fre- 
quencies (under about 10 MHz), most ce- 



ramic bypass capacitors work fairly well. 
Typical 0.01 and 0.1 ixF bypass capacitors 
in TTL and CMOS circuits fail to do their 
job as operating frequency is increased to 
about 25 or 30 MHz. That may be cor- 
rected by reducing the value of those ca- 
pacitors to 0.001 u-F and by keeping the 
lead lengths short — zero, if possible. 

As the operating frequency approaches 
100-150 MHz, bypassing again becomes 
a problem. At that point even smaller val- 
ues (47 to 470 pf) are required, and leads 
must be very short. At even higher fre- 
quencies, up to about 500 MHz, chip ca- 
pacitors, which have no leads, are 
soldered directly to the PC board. The 
moral is: Keep leads very short — do not 
use ki-inch leads on bypass capacitors. 

Common electrolytic capacitors gener- 
ally work well up to 10 MHz, depending 
on value and physical size. Mica capaci- 
tors (DM-15 type) are pretty good up to 
the VHF range, depending on value, but 
they can have from 5 to 15 nanohenries of 
series inductance. That inductance can in- 
crease apparent capacitance. For exam- 
ple, a capacitor with a value of 47 pF at 30 
MHz may measure 82 pF at 150 MHz. 
That must be taken into account when 
designing tuned circuits at the frequencies 
we are dealing with. 

Typical ^4-watt resistors of 15 to 1000 
ohms behave pretty well up to about 250 
MHz or so. Values below 15 ohms tend to 
appear inductive, and values above 1000 
ohms tend to appear capacitive. That can 
cause a shift in impedance, and, there- 
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FIG. 4— MOST COMPONENTS ARE STANDARD, but npte how C26 and C29 connect to LB and L9, 
respectively. Also note the unequal turn-spacing of 12, L3, L5, and L6, which was brought on by tuning 
those coils. Finally, note the smalt slug L4 is wound around, and Li's toroidal core. 



fore, the resonant frequency, of a tuned 
circuit. Stray inductive and capacitive re- 
actances cause that shift. 

Also, remember that every PC trace has 
inductance and capacitance. A PC pad 
may have, depending on size, several pF 
of capacitance to ground or to another PC 
pad. A long PC rail may act as an RF 
transmission line or even as a resonant 
circuit. It may also appear as an additional 
turn on a coupling transformer, by which 
unwanted signals might be radiated to 
other components or PC traces. 

We hope you're not scared by all those 
cautions. We just want you to be aware of 
some of the problems involved in RF de- 
sign and construction. But if you take care 
to duplicate our prototype exactly, the 
chances are that you'll have no problem 
getting your transmitter working. There is 
no "black magic" involved — only com- 
mon sense and careful construction. Just 
be sure to use the same or equivalent 
parts — be careful! 

After you have your components to- 
gether, check the PC board over for shorts 
and opens, and make sure that the copper 
is clean and shiny. Then, referring to the 
parts-placement diagram in Fig. 3, insert 
and solder the components, starting with 
those that have the lowest profile (the re- 
sistors and diodes), and working up to the 
electrolytic and trimmer capacitors. Re- 
member to cut all leads — especially the 
capacitors' leads — as short as possible. 
Don't overheat the semiconductors when 
soldering them to the PC board. 

Now you're ready to wind and install 
the RF coils. Spread the turns of each coil 
evenly, but don't worry about spacing 
those turns perfectly, since the coils will 



be compressed and expanded later when 
you tune up your transmitter. You can see 
in the photo (Fig. 4) how our prototype's 
coils turned out. 

• LI is eight turns of 22-gauge wire 
wound on a Ferroxcube 768T188 toroid 
core made from 4C4 ferrite. 

• L2 and L3 are seven turns of 22-gauge 
wire wound on a #26 drill bit. Of course, 
remove the drill bit after the coil is com- 
pleted. 

• L4 is wound around a standard 10-32 
screw thread. The screw should be re- 
moved after the coil is completed. Then 
L4 should be fitted with a ferrite slug. You 
may be able to find an appropriate slug in 
an old TV, radio, orCB radio. Best results 
will be obtained when the slug is taken 
from a circuit that operates in the 25-100- 
MHz range, such as a TV IF circuit, or the 
front end of an FM radio. But it's not 
really critical, and almost anything 
should work (provided it's made of ferrite) 
as a last resort. If necessary, L4's diame- 
ter, and number of turns, could be 
changed to fit the slug you have. 

• L5 and L6 are three turns of 22-gauge 
wire wound on a #26 drill bit. 

• L7 , L8 , and L9 are merely 1.5cm loops 
of wire wound on a '/s-inch form and sol- 
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FIG. S— RF-PROBE may be used with any VOM 
or DVM that has sensitivity greater than 20K 
ohms/volt. 



dered to the PC board. One end of capaci- 
tor C26 is mounted in the normal fashion, 
and the other end hangs from the approxi- 
mate mid-point of L8's loop. Similarly, 
C29 is mounted from the board to the mid- 
point of L9; the lead then continues to the 
pad near the collector of Q5. 
• LlOandLll are standards. 6m.H, 10%- 
tolerance chokes obtainable from the J. W. 
Miller Corporation, etc. They could also 
be wound from 36-gauge wire on W-watt, 
I -megohm carbon resistors if desired. 

Last, install the transistors, making 
sure that they are oriented correctly and 
that their lead length is minimized. 

We use a 10-pin camera jack for J 1, but 
feel free to substitute whatever connectors 
you need. If no sound carrier is needed, 
R23, R25, CR2 and all other components 
associated with Q8 and Q9 can be omit- 
ted. Doing that will not affect the opera- 
tion of the video portion of the transmitter. 
They can be added at a later date should 
audio transmission become necessary. 

We chose not to leave space on the PC 
board for the audio- (R32) and video- 
input (R29, R31) components, since those 
components were unnecessary in our ap- 
plication. We used fixed- value resistors 
for R31 and R32, but small potentiome- 
ters could be mounted to the case and 
wires run to the PC board. If no gain 
control is necessary, R32 should be re- 
placed by a fixed 10K resistor, and C38 
should be connected directly to the collec- 
tor of Q8. 

Solder the coils to the PC board now, 
and solder short interconnecting wires 
from the board to the chassis components. 
Before applying power, check over your 
work: Make sure no solder bridges exist 
and make sure that all polarized compo- 
nents are correctly oriented. 

Testing and alignment 

The following equipment is necessary 
to align the transmitter; 

• VOM or DVM having sensitivity of at 
least 20,000 ohms/volt 

• RF probe 

• Video source (VCR or camera) 

• TV set or monitor 

• 50-ohm dummy load 

If an RF probe is not available, you can 
use the circuit shown in Fig. 5 with your 
voltmeter. If you have no 50-ohm dummy 
load, you can use a 51-ohm, '/i-watt 
resistor. One handy gadget to have is a 
tuning wand: a plastic rod with a ferrite 
slug at one end and a brass slug at the 
other. The inductance of a coil can be 
increased or decreased by placing the fer- 
rite or the brass slug, respectively, near 
the coil. 

Apply power and check for +12V at 
R4, R9, R10 and the collector of Q7. 
Check for +9V at the drain of Q8. Then 
check for 1 .0 to 1 .5 volts at the emitters of 
Ql, Q2, and Q3. Check for +4.5 to 
continued on page 114 
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The unification of NESDA and NATES A was just one of the highlights of the 1985 National 
Professional Electronics Convention. 






WHILE EACH YEAR S NATIONAL PRt)li:s- 

siona) electronics convention (NPEC) is a 
worthwhile and memorable experience, 
I985's session, held in August in Han lord 
CT, was particularly significant for the 
electronics industry. At that meeting a 
consolidation agreement between the Na- 
tional Electronics Sales and Service Deal- 
ers Association (NESDA) and the 
National Association of Television and 
Electronic Servicers of America 
(NATES A) was unanimously approved by 
NESDA. Later in the month, NATESA, 
at its convention held in St. Charles. IL, 
also unanimously approved it. 

Joining together 

Under the agreement, the Chicago- 
based NATESA organization will become 
the NESDA state affiliate in Illinois as of 
January I. 1 986. At the same time. 
NESDA will accept and perpetuate the 
heritage of NATESA as its own. For two 
years, current NATESA members who 
reside outside of Illinois may choose to 
either remain members of the Illinois as- 
sociation or to join the NESDA affiliate in 
their home state. Current NESDA mem- 
bers residing in Illinois have two years to 
join the new Illinois affiliate. 




GETTING INVOLVED. Murray Barlowe, CET, and 
Ed Kimmel. CET, participate in she Electronics 
Instructors Conference, one of the many semi- 
nars at the Harttord NPEC. 



Former officers of NATESA will be 
recognized equally with those of NESDA. 
the founder of NATESA . the late Frank J. 
Moch. who. at the convention, was induc- 
ted into the Electronics Industry Hall of 
Fame, will be perpetually honored as the 
father of both organizations. 

The current presidents of both organi- 
zations highly praised the new agreement. 
Said continuing NATESA president Tom 
Lceney, "We're proud to contribute our 
part to a vibrant NESDA organization, 
and this agreement shows that the people 
in our industry have the ability to work 
together for the good of all." Dorothy 
Cicchetti , the newly-elected president of 
NESDA, added, "With the addition of the 
diligent and loyal NATESA members, 
NESDA will become an even more domi- 
nant force for good in our profession. " 

Elections and awards 

A spirited contest led to the election of 
Dorothy Cicchetti, of Flushing, NY. as 
NF.SDA president. 

The other NESDA officers elected in- 
cluded: Robert Harrel I, Johnson City. TN, 
1st National Vice President; Clifford A. 
Shaw. Columbia, VA, Secretary; and 
Dick Scott. CET. Qlympia, WA. Trea- 
surer. Regional Vice Presidents are Art 
Van Sickiin, Hartford. CT; Faust 
Guarino, CET, Oceanside, NY; Jim Tee- 
ters, CET, Norfolk. VA; Gene Di- 
llingham, CET, Louisville. KY; Bob 
Mesa. CSM, Parma, OH; Floyd Hack. 
CET, Taft, TX; Gennie Randel. Greens- 
burg. KS; Vince Hosteller, CSM, Grand 
Junction. CO: Ken Duncan, CSM, Anti- 
och, CA; and Bob Vtllom. CET/CSM, 
Tacoma, WA. 

The new 1SCET (International Society 
of Certified Electronics "technicians) of- 
ficers are: Jim Parks, CET, Orlando, FL, 
Chairman: Don Winchel, CET, Smart - 



ville, CA. Vice Chairman; Hal Robbins. 
CET, Van Nuys, CA, Secretary; and Earl 
Tickler, CET. Baltimore. MD, Treasurer. 
Bob Viliont will continue as the NESDA 
representative to the 1SCET board of gov- 
ernors. 

Turning to the awards, as previously 
mentioned, the late Frank J. Moch was 
inducted into the Electronics Industry 
Hall of Fame. In addition. Larry Steckler 
CET/EHF, Publisher, Gems back Publica- 
tions (including, of course. Radio-Elec- 
tronics) and Chairman of the Electronics 
Industry Hall of Fame was named 
NESDA's Man of the Year: he was also 
presented with ISCET's Continuous Ser- 
vice Award. 

Other major awards included; Ken 
Duncan, CSM, Officer of the Year; Cliff 
Shaw and Chic Young. P.E./CSM (tie). 
Outstanding Committee Chairman; Don 
Erwin, CSA. Outstanding State Presi- 
dent: Ed Erich, CSM, Outstanding Local 
President: Martin Fleming, CET. Techni- 
cian of the Year; and Lester Dodd, CET 
1985 Friend of 1SCET. 

Rounding out the event was an out- 
standing slate of professional seminars, a 
trade show, and an unusually rich assort- 
ment of memorable social functions. R-E 



CELEBRATING the SIGNING of the momentous 
agreement consolidating NESDA and NATESA 
are NESDA President Dorothy Cicchetti (left) 
and NATESA President Tom Leeney. 




MAN OF THE YEAR. Larry Steckler, publisher of 
Radio-Electronics, Chairman of the Electronics 
Industry Hall of Fame, and NESDA's Man of the 
Year speaks at the Kail of Fame Banquet. Roger 
Companion, NATESA Vice President, is seated 
at the right. 



OUTGOING NESDA PRESIDENT George Bluze 
(standing left) presents certificates recognizing 
the industry contributions of Paul Kelley (stand- 
ing center), Robert Haskins, and Robert Read. 
Tom Plant CET (standing right) accepted the 
certificate for Haskins and Read. 



JEROME MOCH, (standing left) son of the late 
Frank J. Moch, accepts the plaque designating 
the Induction ot his father into the Electronics 
Industry Hall of Fame. Making the presentation 
is Wallace Harrison, Director of Communica- 
tions of NESDA ISCET. 
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Satellite -TV 
Receiver 




RICHARD MADDOX 



OK, TVRO fans, here's your chance to build a high-performance 
satellite receiver— for peanuts! 



Part 2 



LAST TIME, WE 

showed you how 
our budget satellite receiver works. This 
month, we give you step-by-step instruc- 
tions detailing how to build the unit. 

Construction 

Use of a PC board is strongly recom- 
mended; a foil pattern is presented in the 
"PC Service" section oHhis magazine. 

Use the component-placement diagram 
in Fig. 3 and the photograph in Fig. 4 to 
assemble the board. When inserting parts 
in the PC board, work in numeric se- 
quence, and check off each part as it is 
installed. 

1 — Beginning with resistor Rl, insert 
all resistors in numerical order. R96 and 
R100 are not installed on the PC board. 

2 — Install the wire jumpers. Insulation 
should cover the entire exposed length of 
each jumper. 

3 — Install the trimmer potentiometers 
on the board, followed by the trimmer 
capacitors, and then the other capacitors. 
Carefully check the value of every part 
before mounting it. Be sure to orient all 
polarized capacitors correctly. 



4 — Install all diodes. Be careful to in- 
stall them with the correct polarity, and 
use extra care in bending the leads on 
glass diodes. 

5 — Insert all IC sockets, making sure 
that pin one of every socket is oriented 
correctly. IC1 and FL1 should both be 
mounted flush to the board and soldered 
in. The leads of transistors Ql and Q2 
should be trimmed to a length of 2 mm, 
and those transistors should be mounted 
and soldered on the solder side of the 
board. The other transistors should be in- 
serted from the top and soldered now. 
Leave H-inch of lead protruding above the 
board. 

6 — Voltage regulators IC10 and ICU 
need heat sinks. Use heat-sink grease and 
mount them loosely to the heat sinks be- 
fore inserting the assembly in the PC 
board. Align the legs of the regulators and 
the heat-sink tabs with the corresponding 
holes in the PC board, solder the reg- 
ulators and heat sinks to the board, and 
tighten the screws. Install the 7805 reg- 
ufator, IC9. 

7 — Mount power switch S3 and afc 
switch S2 on the board and solder them. 



8 — Solder the two type-F connectors, 
J 1 and J5 , and the three RCA-rype phono 
jacks, J2, J3 and J4, to the PC board. 

5* — Mount the RF Modulator on the 
board. Be sure that all four mounting tabs 
are flush, and then solder them to the 
board. 

10 — Mount and solder the inductors. 
Note that L4 is mounted vertically on the 
board. Install FL2 now. 

11 — Mount green power LED3 ^-inch 
above the board. It will be bent to fit into 
the front panel later. 

(Editor's note: We recently heard from 
an experimenter who reported that the fol- 
lowing modifications will improve perfor- 
mance: Remove R69 from the board. 
Replace R64 with a 220-ohm, ^4- watt 
unit. Add a 330-ohm, W-watt unit at the 
base of Q7.) 

Front-pane! assembly 

At this point, all components should be 
installed except the IC's and the front- and 
rear- panel components. The front-panel 
layout is shown in Fig. 5. The wire lengths 
given below assume that you are using the 
PC board and case specified in the parts 



m 
en 

3D 

c 
> 

to 



57 




FIG. 3— ON-BOARD COMPONENTS are shown here. Note that transistor 01 and Q2are mounted on the 
underside of the board. 
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FIG. 4 — THE COMPLETED PC BOARD. Be sure to route the interconnecting wires away from the 
voltage regulators. 



list. If you're not, use wires of the appro- 
priate length. 

1 — Mount potentiometers R103, RI08, 
and R1I0 to the front panel. Orient all 
three so that their terminals point down. 

2 — Viewing the panel from the rear, 
connect the center and right terminals of 
R10S together. Solder a seven-inch wire to 
all terminals except the right terminal of 
RIOK. 

3 — Mount switches S2 and S4. Solder 
six-inch wires to the three terminals on 
S4. Solder a seven-inch wire to each cen- 
ter terminal of S2; connect a short jumper 
between the upper-left and the lower-cen- 
ter terminals 

4 — Insert LED1 and LED2 into the ap- 
propriate holes in the front panel. Orient 
them so that their cathodes (the flat sides) 
are toward polarity-switch S2. Solder 
each cathode to the nearest lower- end ter- 
minal on that switch. Solder a seven-inch 
wire to each anode. 

5 — Solder ten inches of wire to each 
meter terminal. Mount the meter in the 
front panel. 

Rear-panel assembly 

The rear-panel layout diagram is shown 
in Fig. 6. 

1 — Mount the terminal strip and AC- 
input jack J6 to the back panel. 
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PARTS LIST 




All resistors 1 4- watt. 5% unless other- 


R114 — 100.000 ohm trimmer potentiome- 


Q8— BC548 or ECG548 


wise specified. 


ter 


D1-D4— 1N60 


R1, R3— 270 ohms 


Capacitors 


D5— 1N752, 5.6-volt zener diode 


R2— 510 Ohms 


C1-C5, C7, C8, C13-C18. C20, C21 , C23, 


D6— HP 5082-2800 or 1N6263 Schottky 


R4, R5, R32, R33, R77— 680 ohms 


C24, C27, C42, C44, C50-C52, C61, 


diode 


R6— 150 ohms, 'A-watt 


C64, C65, C67— 0.01 |aF, ceramic disk 


D7— 1S2075 


R7— 1200 ohms 


C6, C37, C41. C43, C54, C59, C66— un- 


D8-D11— 1N4002 


R8, R30. R44, R45— 10,000 ohms 


used 


D12— BB119 tuning diode 


R9, R10, R26, R53— 56 Ohms 


C9, C10, C63— 33 pF, ceramic disk 


LED1— standard green LED 


R11, R16, R17, R24, R25, R28, R60, R65, 


C11, C12, C46, C53— 0.001 m-F, ceramic 


LED2, LED3— standard red LEDS 


R87—75 ohms 


disk 


Other components 


R12, R15, R29. R34, R42, R52, R72, R79, 


C19— 47 pF, silver mica 


J1, J5 — "F" connector 


R82, R86, R95— 1000 ohms 


C22, C45, C49, C58, C60— 10 u.F, 25 


J2, J3, J4 — RCA phono jack 


R13, R47, R70, R93, R96— 100 ohms 


volts, tantalum 


J6— coaxial power input jack 


R14— 3,9 ohms 


C25, C56— 47 \iF, 16 volts, tantalum 


TS1— 4-position screw-terminal strip 


R18-R21, R54, R73— 470 ohms 


C26. C48, C57, C59— 0.22 u.R 30 volts, 


L1, L5— 10>H 


R22, R23— 120 ohms 


tantalum 


L2— 0.33 iaH, six turns on a '/t-inch form. 


R27— 820 ohms 


C28— 100 pF, ceramic disk 


L3— 100 jxH 


R31, R43, R69— 220 ohms 


C29— 56 pF, ceramic disk 


L4— 2.7 u.H 


R35, R37— 22,000 ohms 


C30— 68 pF, ceramic disk 


S1, S4— SPOT, toggle switch 


R36— 18,000 Ohms 


C31 — 300 pF, ceramic disk 


S2, S3— DPDT, toggle switch 


R38, R74, R94— 100,000 ohms 


C32— 220 pF, ceramic disk 


FL1— B0124 SAW filter 


R39, R40. R45. R92— 4700 ohms 


C33, C38, C62— 100 pJF, 16 vote, elec- 


FL2— 5-8 MHz block filter (Dick Smith 


R41 — unused 


trolytic 


L-1600) 


R48. R64—330 ohms 


C34, C68 — 0.1 u.F, ceramic disk 


M1— 200 fiA edge-reading meter 


R49, R51, R88— 2200 ohms 


C35 — 470 M-F, 16 volts, electrolytic 


RF modulator 


R50— 120,000 Ohms 


C36— 10 pF, ceramic disk 


T1— 18-volt AC power transformer 


R55, R56, R58. R62, R63— 150 ohms, V> 


C39— 0,0047 (j.F. ceramic disk 




watt 


C40— 0,047 ij,F, ceramic disk 




R57, R75— 3300 ohms 


C47— 5600 jiF, 40 volts, electrolytic 


Note: the following are available from 


R59, R61, R66, R68, R76— 560 ohms 


C55— 0.0022 U.F, ceramic disk 


Dick Smith Electronics, Inc., P.O. Box 


R67— 43 ohms 


C70— 220 nF, 25 volts, electrolytic 


8021, Redwood City, CA, 94063: Com- 


R71— 12,000 ohms 


C71— 5-70 pF, variable 


plete kit of parts including case but no 


R78, R83, R84— ohms (jumper) 


C72— 2-20 pF, variable 


power transformer, #K-6316, S99.95 


R80— 47,000 Ohms 


Semiconductors 


plus $4 shipping; SAW fitter, #L-1620. 


R81— 1500 ohms 


IC1— MWA120, hybrid small-signal ampli- 


$29.95; Case, #H-2507, $12.95; PC 


R85— 8200 ohms 


fier 


board, #H-7000, S29.95; 18-volt trans- 


R89, R90— 2700 ohms 


1C2— MC10116, triple differential line re- 


former, #M6672, S7.95;BFR91 tran- 


R91— 68,000 ohms 


ceiver 


sistor, #Z-1G91, S1.19; BB119 diode. 


R96— 180 ohms, 1 watt 


1C3, IC4 — LM358, dual op-amp 


#Z-3O70, $0.20; MWA120 RF amplifier, 


R97-R99, R101— unused 


IC5— MC1496, video detector 


#Z-6095, $12.50; MC10116 ECL IC, 


R10O— 5.6 ohms, 5 watts 


IC6— NE555, timer 


#Z-6000, $0.79; HP5082-2800 Schottky 


R102, R104. R105, R107, R111, R112— 


IC7— NE592. video amplifier 


Diode, #Z-3230, $2.00; 5-8— MHz filter, 


5000 ohm trimmer potentiometer 


IC8 — NE564. phase-lock loop 


#L-1600, $3.95. Other individual parts, 


R1 03— 5000 ohm linear potentiometer 


IC9— 7805, 5-volt regulator 


and complete satellite systems, are 


R106, R1 13— 10.000 ohm trimmer potenti- 


SC10— 7812, 12-vott regulator 


also available from Dick Smith. Califor- 


ometer 


IC11--7818, 18-volt regulator 


nia residents please add 6.5% sales 


R1 08—10,000 ohm linear potentiometer 


Q1.Q2— BFR91 


tax. Orders outside U.S. must Include 


R1 09— 2000 ohm trimmer potentiometer 


Q3. Q4, Q6— 2N2222 


U.S. funds and add 15% of merchan- 


R110— 5000 ohm linear potentiometer 


Q5. Q7— BC328 or 2N3683 


dise total for shipping. 
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ALL DIMENSIONS IN INCHES 
FIG. 5— FRONT-PANEL LAYOUT, with dimensions to fit the controls mounted to the PC board. 



2 — Solder a jumper wire between the 
two ground terminals of TS1 . 

3 — Solder R 100 and the positive lead of 
C70 to the +5V terminal. Solder the 
minus lead of C70 to ground. 



4 — Solder one four-inch wire to the 
pulse output terminal, another to one 
ground terminal, and another to the other 
end of R 100. Solder a three-inch wire to 
the two bottom terminals of J6. 



Final assembly 

The component-placement diagram in 
Fig. 7 should be consulted while con- 
necting the front- and rear-panel compo- 
nents to the PC board. 

I — Insert and solder PC terminal pins 
(or short pieces of stiff wire) in all holes to 
which off-board components will be con- 
nected. Place the PC board in the cabinet, 
but do not screw it down yet. 

2 — Slide the front panel over the two 
PC- mounted switches, and then insert the 
front panel into the first slot of the cabinet. 
Carefully insert the green power LED 
into its hole. 

3 — Slide the rear panel over the con- 
nectors mounted at that end of the board, 
and then insert the rear panel into the last 
slot of the cabinet. 

4 — Insert and tighten the four mount- 
ing screws. 
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ALL DIMENSIONS IN INCHES 
FIG. 6— REAR-PANEL LAYOUT, with dimensions. 




FIG. 7— FRONT- AND REAR-PANEL COMPONENTS are connected to the PC board as shown here. 



5 — Connect all wires from the off- 
board components to the appropriate pins 
on the PC board. Doublecheck all con- 
nections. 

6 — Plug the transformer's output into 
J6, and then plug it into the wall. 

7 — Check the output of each regulator 
(IC9-IC11) for the correct voltage . Also, 
check the voltages at J5 (the + 18V con- 
nector), at the + 5 V terminal strip, and at 



pin 8 of IC4 ( -I- 12V). The power LED 
and meter lamp should light up, and so 
should cither LED I or LED2, depending 
on the position of S2. F-'lip that switch to 
verify that the opposite LED lights up. 

c^— Turn off the receiver and unplug the 
transformer. 

9 — Insert all the ICs into their sockets. 
Be sure to orient them correctly, and make 
sure all ICs are seated properly. 



10- — Route all wires down the center of 
the board. Be sure to leave clearance 
around the trimmer potentiometers, and 
route wires away from the regulators' heat 
sinks. Use wire ties to secure the wires. 

11 — Set each trimmer to the center of its 
range using a small screwdriver. Set the 
two trimmer capacitors so that the adjust- 
ment slot is parallel to the side walls of the 
cabinet. 

12 — Turn on the receiver and measure 
the total current drain. It should be about 
400 ma. 

13 — Measure the voltage at J 1 . Tine 
voltage should vary as R103, transpon- 
der tuning, is varied. 

Aligning the polarizer 

A friend or spouse may be helpful in 
completing the following alignment. 

1 — Connect the polarizer to the appro- 
priate terminals on TS1 . The red wire usu- 
ally connects to + 5V, black connects to 
ground, and white connects to the pulse 
output — but make sure your unit follows 
that convention. Center the skew control . 

2 — Turn on the receiver. Verify that the 
probe moves as polarity switch S2 is 
toggled. Mark the vertical probe position 
on the side of the polarizer. Move S2 to 
horizontal. Adjust R113 so that the pro- 
be is 90 degrees from its former position. 

Aligning the tuning control 

The adjustments made now will be 
fine-tuned a little later. 

1 — Measure the voltage at pin 1 of IC3 . 
Turn AFC on. Adjust R 105 for exactly 3.0 
volts DC. Turn AFC off. Adjust R106 for 
the same voltage. 

2 — Measure the voltage at Jl. Set the 
transponder tuning control to line up 
with the "Channel 1" label on the front 
panel. The voltage should be set to the 
lowest voltage specified by the downcon- 
verter manufacturer. That is done by ad- 
justing R104. 

3 — Set the transponder tuning 
control to Channel 24. Adjust R 102 for the 
highest voltage needed by the downcon- 
verter. 

Final check-out 

The easiest way to check out and adjust 
the receiver is to use it on a system that is 
already working. Ideally, a friend or 
neighbor will allow you to hook up the 
receiver and downconverter for final test- 
ing. If that is not possible, then first you 
will have to get your dish aimed precisely 
at Galaxy 1, Instructions for doing that are 
usually given in the assembly instructions 
packed with the dish. 

Next, the feedhom, LNA and down- 
converter should be installed, and then 
cable should be run to the receiver. Do not 
use more than about 250 feet of cable 
between the downconverter and the re- 
ceiver. 

continued on page 114 
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HUMIDITY MONITOR 




Don't let static zap your costly electronic gear! This electronic 
humidity monitor lets you spot potentially dangerous conditions. 



if you're like many people, you tend 
to downplay — or simply ignore — -the im- 
portance of humidity. But you shouldn't! 
The reason is that, after temperature, hu- 
midity is the most important environmen- 
tal condition that affects our comfort 
level. We're comfortable when the hu- 
midity is low in the summer, but that same 
low humidity can make us feel uncomfor- 
tably cool in the winter. 

Perhaps more important to the readers 
of Radio-Electronics is the fact that hu- 
midity — or the lack of it — can drastically 
affect the operation of the electronic de- 
vices we love so well: computers, TV's, 
VCR's, stereos, etc. Proper humidity con- 
trol in the winter months can reduce the 
static buildup that is so often detrimental 
to the operation of electronic equipment. 
For example , a rule of thumb states that 
you should be careful when the humidity 
drops below about 50% as the temperature 
drops below about 70°. You certainly 
wouldn't want to handle any CMOS IC's 
in 'those conditions! 

In order to help you bring your humidi- 
ty problems under control, we will discuss 
what humidity is, some of its effects, and 
several historical means of measuring it. 
Then well show you how to build a mod- 
ern, electronic humidity monitor that fea- 
tures 5% accuracy for about $50. 



MARK C. WORLEY 

What is humidity? 

Humidity is usually specified as per- 
cent /telative Wumidity, or RH, for short. 
Relative humidity is not a measurement of 
the amount of water vapor in the air. 
Rather, RH is the ratio of the amount of 
water vapor in the air to the maximum 
amount of vapor that air can hold. That 
maximum varies primarily with tem- 
perature, although barometric pressure af- 
fects it to a lesser degree. 

For example, let's assume that a given 
volume of air at a given temperature can 
hold one ounce of water vapor. If that air 
contains half an ounce of water, its rela- 
tive humidity is 50%. If that same volume 
of air were cooled, it might be able to hold 
a maximum of only Vw an ounce of water. 
So if that air still contained half an ounce 
of water, the relative humidity would now 
be 0.5 -r 0.6, or 83.3%. 

On a hot day the relative humidity gov- 
erns our comfort primarily because it af- 
fects the efficiency of our natural cooling 
system — our sweat glands. If the humidi- 
ty is high, sweat can't evaporate as read- 
ily. That's why a hot, dry day is more 
comfortable than a warm, humid day. 
Various "comfort zone" charts have been 
developed that show which combinations 
of temperature and humidity are the most 
comfortable. 



The effects of humidity are evident all 
around us. For example, dew is caused by 
cooling of the air during the night until it 
saturates (reaches 100% RH), and it then 
releases excess moisture onto any cool 
surface. The temperature at which that 
saturation occurs is called the dew point. 

Here's another common effect of hu- 
midity: iced drinks that "sweat" on a hot 
day. That "sweating" is really caused as 
follows. The outer surface of the glass is 
cooled by the icy contents of the glass. 
That surface in turn cools the surrounding 
air. 

When that air reaches the dew point 
temperature, it releases some of its excess 
moisture onto the surface of the glass. So 
in reality that "sweating" is not perspira- 
tion from the glass, but condensation 
from the atmosphere. Hence the reason 
cold drinks don't "sweat" as much in dry 
climates as they do in humid ones is that 
there's very little water in the air to con- 
dense on the glass. 

Measuring humidity 

Temperature is easy to measure using a 
simple thermometer, or any of a number 
of solid-state devices. Humidity, on the 
other hand, is probably the most difficult 
environmental condition to measure. The 
search for an accurate, dependable means 
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of measuring humidity has occupied sci- 
entists for centuries. For example, 
Leonardo Da Vinci noticed in 1550 that a 
ball of wool weighed more on a rainy day 
than on a dry day. Ever since then scien- 
tists have been refining ways of measuring 
RH precisely. For example, methods 
using various organic substances, electro- 
optical sensors, resistive sensors, and 
variable-capacitance sensors have been 
developed. Each method has unique ad- 
vantages and disadvantages. 

Organic sensors like human hair, ani- 
mal hair, and animal membranes have 
been in use the longest, and are still in use 
today. An organic tissue absorbs moisture 
readily, and, as it does, it will stretch more 
easily. That stretching can be measured, 
and that provides an indirect indication of 
RH. As you might suspect, the primary 
disadvantage of organic sensors is their 
tendency to age rapidly, and that requires 
frequent re-calibration. 

Relative humidity can also be calcu- 
lated by measuring the dew point. The 
dew-point method is highly accurate, but 
cumbersome, because of the cleanliness, 
and the complex, precise circuitry that are 
required. A mirrored surface is monitored 
as it cools until moisture begins to form on 
it. The temperature at which moisture is 
detected is the dew point, and that is de- 
pendent upon relative humidity. Tire dew- 
point method is most suitable for 
laboratory work. 

Resistive sensors have their problems, 
too. The resistance of that sort of sensor 
usually ranges from the hundred of thou- 
sands of ohms to the tens of megohms. 
That high resistance, plus the non-linear 
response curves of those sensors, makes 
them difficult to work with. In addition, 
they can be damaged by direct contact 
with moisture, by common airborne con- 
taminants, or by simple DC voltages. 
Most sensors require an AC excitation 
voltage, because even a small DC voltage 
can cause chemical migration within the 
sensor, and that usually ruins it. 

Another humidity sensor is based on 
variations in capacitance. Sensors of that 
type weren't commonly used in the past 
because of their high cost — typically S 100 
or more apiece — and because they can be 
difficult to use due to their small variation 
in capacitance. However, the sensor 
shown in Fig. I, developed by the N. V. 
Philips Company, and sold in this country 
by Mepco/Electra (Columbia Road, Mor- 
ristown, NJ 07869), is inexpensive and 
easy to work with. 

The sensor 

Philips' humidity sensor is a capacitor 
formed from a dime-sized piece of plastic 
film that is coated on both sides with a 
very thin layer of gold. Because the di- 
electric constant of that film varies with 
changes in RH, so does the sensor's ca- 
pacitance. On each side of the film the 




FIG. 1— PHILIPS' HUMIDITY SENSOR provides a 
45-pF change In capacitance over the 0-100% 
humidity range. 
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FIG. 2— THE SENSOR'S CAPACITANCE and the 
relative humidity are related exponentially. 

gold functions as one plate of a capacitor: 
it also provides the electrical contact for 
the sensor-housing's spring -con tact leads. 
The sensor measures about 0.6" in diame- 
ter, and 0.9" high. We list some of the 
specifications of Philips' sensor in Table 
1. For more information, see Mepco's 
Technical Information Brochure 063, 
their Technical Note 134, and the data 
sheet that comes with the sensor. 

The curve in Fig. 2 shows how the sen- 
sor's capacitance varies with humidity. By 



extrapolating a little we see that capaci- 
tance varies from about 115 pF at 0.0% 
RH to about 160 pF at 100% RH. In other 
words, there is a change in capacitance of 
45 pF over the entire RH range. So, in 
order to measure RH, all we need is a 
circuit that translates that 45 pF variation 
in capacitance to a properly scaled varia- 
tion in voltage. 

But before we discuss the details of 
circuit operation, there are a few other 
things you should know that affect the 
accuracy obtainable from our humidity 
monitor. First, the sensor has a drift of 
0. 1 % per degree Celsius, which translates 
to an inaccuracy of 1 % for a 10°C change 
in temperature. So, over a range of 40°C, 
accuracy will drop to about 4%. Given 
proper calibration, our humidity monitor 
should be accurate, therefore, to better 
than 5% RH over a wide temperature 
range. Just compare that to the typical 
25% accuracy — or worse — of the dial- 
type humidity indicator included with 
many wall- and desk-top thermo meter- ba- 
rometer-humidity monitors! You should 
also be aware that the capacitance of the 
sensor is somewhat dependent upon the 
frequency applied to it, but to obtain the 
accuracy we're interested in, we can ig- 
nore that variation. 

Circuit operation 

If we were simply to build an oscillator 
whose frequency varied in response to 
changes in the sensor's capacitance, we 
could measure relative humidity, but we'd 
have an offset problem, because 0.0% RH 
corresponds to 115 pF, not 0.0 pF In other 
words, we'd have some output even at 
0.0% relative humidity. So we use two 
oscillators in our circuit, and measure the 
difference between their outputs. That al- 
lows us to obtain an output of 1 .00 volt for 
100% RH. 

Our circuit is a modified version of one 
supplied by Philips. In their circuit, one 
4001 CMOS quad-NOR package was used 
to build the two oscillators, and the gates 
in a second 4001 were connected in paral- 
lel to provide extra drive for the rectifier/ 
filter circuit. We decided to use 7555 's for 
the oscillators because they're only 
slightly more expensive, but much more 



TABLE 1— SENSOR SPECIFICATIONS 


Parameter 


Value 


Humidity range 


10-90% RH 


Temperature range 


0-85°C 


Capacitance (25°C, 43% RH, 100 kHz) 


122 pF, ±15% 


Frequency range 
Temperature dependence 


1-1000 kHz 


0.1%RHrC 


Response lime (max)* 




10-^13% RH 


3 minutes 


43-90% RH 


5 minutes 


Typical hysteresis 


3% 


Maximum voltage 


1 5 volts 


'To 90% of final value, @ 25°C. in circulating air 
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FIG. 3— THE HUMIDITY MONITOR CIRCUIT uses CMOS SSS's to keep current drain low. 
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FIG. 4— TIMING RELATIONSHIPS of various 
points in the humidity monitor's circuit are 
shown here. 



predictable (and repealable) than os- 
cillators made from CMOS gates. Also, 
we found that it was unnecessary to use 
paralleled gates to drive the metering cir- 
cuit. 

As you can see from the schematic in 
Fig. 3, our humidity monitor is composed 



of three CMOS IC's and a low-power volt- 
age regulator. Total current drain is only 
about 5 raA, so battery operation is en- 
tirely feasible. The circuit consists of two 
oscillators, a few nor gates, and a detec- 
tor/filter circuit that helps linearize the 
output. 

ACMOS7555isusedforICl,a7-kHz 
astable oscillator. A CMOS 7555 is also 
used for IC2, a one-shot whose pulse 
width is determined by R3 and the capaci- 
tance of the sensor. The master oscillator 
(IC1) drives IC3-a, which provides the 
trigger pulse that drives IC2. The rela- 
tionship of those two signals, and the 
others to be discussed below, is shown in 
the timing diagram in Fig. 4. 

The output of 1C2 is inverted by lC3-b 
and combined with the master-oscillator 
signal by IC3-C, which passes only the 
difference between the two signals to the 
filter/detector circuit that follows. Trim- 
mer potentiometer R2 is provided to null 
the circuit out at the low end of the RH 
scale. On a dual-trace scope the null con- 
dition appears as equal-phase, equal-wid- 
th pulses at pins 5 and 6 of IC3-C With 
inputs of that sort, IC3-c gives no output. 

The detector circuit is composed of di- 



ode Dl, resistors R5-R9, and capacitor 
C3. The pulses from IC3-C are rectified 
and filtered into a DC voltage that is pro- 
portional to relative humidity. Full-scale 
meter adjustment is provided by R6, and 
R8 and R9 function as a voltage divider 
that scales the output to exactly one volt at 
100% RH. 

Since the sensor's capacitance is expo- 
nentially related to RH, something is 
needed to increase the linearity of the cir- 
cuit. That something is provided by R7, 
which supplies extra charging current to 
C3, which would normally be fed only by 
the detector. Also, R8 and R9 discharge 
C3 to further increase linearity. The only 
drawback to our scheme is that, due to the 
voltage-divider effect of R7-R9, the out- 



PARTS LIST 
All resistors ' 4-watt, 5%, metal film (not 
carbon composition!) unless other- 
wise noted. 
R1— 6800 ohms 
R2 — 5000 ohms, linear potentiometer, PC 

mount 
R3-^64,000 ohms. 1%, ki-watt 
R4— 2200 ohms 
R5— 3300 ohms 
R6— 2000ohms, linear potentiometer, PC 

mount 
R7— 806,000 ohms, 1%, W-watt 
R8— 7500 ohms, 1%, V4-watt 
R9— 10,000 ohms, 1%, '/i-watt 
Capacitors 

C1— 0.01 u.F, 10%, mylar or polycarbonate 
C2— 0.001 u.F, 10%, mylar or polycarbo- 
nate 
C3— 0.22 u.F, 10%, mylar or polycarbo- 
nate 
C4, C5, C7, C8— 0.1 u.F, ceramic, mono- 
lithic, or disc 
C6 — 10 u.F, 16 volts, electrolytic or tan- 
talum, radial leads 
Semiconductors 
IC1, IC2— 7555 CMOS 555 timer 
IC3 — 4001 B, CMOS quad dual-input nor 

gate 
IC4 — 7BL05, 5-volt, 100-mA voltage reg- 
ulator 
D1— 1N914. 1N4148, or equivalent 
Other components 
M1— 50 u.A, Radio Shack #270-1751 
S1 — SPST toggle or momentary switch 
Sensor— Mepco #2322-691-90003 
Sensor socket— Molex part #10-18-2031 
Portable case— Radio Shack #270-1751 
Outdoor case— Keystone part #677 (set 

of #666 & #695) 
Note: The following are available from 
Mark Worley, 909-B Country Aire, 
Round Rock, TX 78664: Screened, 
drilled, and plated PC board, S7.00; 
Sensor S15.00 for 1 or $25.00 for 2; Cal- 
ibration capacitors (115 pF and 160 pF, 
1% mica), S2.00 per set; Kit of IC's, sen- 
sor, sensor socket, PC board, re- 
sistors, and capacitors, $40.00 (cal- 
ibration capacitors, meter, enclosure, 
& hardware not included). Add 10% for 
shipping, $3.00 maximum. Most orders 
shipped within 1 week, but allow up to 
30 days for delivery. Send cash or 
check only. 
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THE MARK 111 

HV CIRCUIT SCANNER 

* Checks the horiz output circuit for open / shorts, 
+ Checks the flyback, yoke, PC, and HV mult, 

* Checks all scan derived B + sources. 

*- Checks all circuits that rely on scan derived 8 + voltage, 

* Checks for open safety capacitor, 

* Checks the emitter circuit of the horiz output, 
THEN, 

* Provided the green normal light is lit, the Mark III will safely power 
up the TV set so that you can "look" for open circuits by examining 
the picture on the CRT. 

* Circumvents all start up and horiz drive related shut down circuits. 



APPLICATIONS: The Mark III will analyze the horiz, flyback, hi- 
voltage, scan derived B + sources, yoke, pin cushion, HV multiplier cir- 
cuits in any TV set that employs either an NPN transistor or a single 
SCR for its horiz output device. This applies to any age, any model, any 
chassis, any brand - - ■ including Sony. 

In brief, the "test" function scans for shorts, the "run" function 
permits you to observe any "open" circuits via the symptoms that ap- 
pear in the CRT screen. 

HOOK • UP: Simply remove the set's horiz output device and replace 
it with the scanner's intertace plug. No wires to disconnect, no other 
connections required (not even a ground connection), 

MISTAKE PROOF: No damage will result if an error is made during 
hook up. The scanner simply won't turn on until the error is corrected. 



RED OPEN LIGHT means the emitter circuit of the horiz output stage 
is open (no ground path). 

YELLOW SHORT LIGHT means the flyback primary, HV multiplier, 

vertical output, horiz driver, and R-B-G color output stages are not 
shorted. Instead, a circuit that normally draws a small amount of cur- 
rent is shorted (i.e. the tuner, IF, AGC, video chroma, matrix, vertical or 
horiz oscillator). 

RED SHORT LIGHT means either the flyback, the HV multiplier, the 
vertical output, horiz driver or one of the R-B-G output transistors is 
shorted. 

GREEN NORMAL LIGHT means the TV set's entire flyback circuit is 
totally free of shorts. It also means that it is safe to power up the TV set 
with the "run" button so that you can look for open circuits by observ- 
ing the symptoms on the CRT screen. 

FEATURES: All start up circuits and all horiz drive related shut down 
circuits are automatically circumvented by the Mark III during all test 
and run functions. During the test function all flyback secondary output 
is limited to approx 80% of normal. 2nd anode voltage is limited to ap- 
prox 5 KV. 

This means all circuits that are not shorted will have some 80% ot their 
normal B+ voltage during the "test" phase. It also means that any 
shorted circuit will have zero DC volts on it. This feature makes any 
short easy to isolate. 



The MARK III sells for only $595°° 

The money you are now spending for unnecessary 
flybacks atone will easily pay for your Mark III. Why 
not order yours today! 

Visa and Mastercharge Welcome ! 



PUSH THE TEST BUTTON Just one of the four lights will lite. 



Diehl Engineering * 6661 Canyon Drive "F" • Amarillo. TX 79110 
Phone: (806) 359-0329 or (806) 359-1824 




* Checks the horiz output stage for opens / shorts, 

* Checks flyback, yoke, PC, and HV mult. 
+ Checks all scan derived B + sources, 

* Checks for open safety capacitors 

+ Checks for open ground path for horiz output stage 

* Checks for open primary LV supply. 

* Checks for error in interface connections, 

* Checks for proper LV regulation, 

* Checks for proper start up circuit operation, 

* Checks for shorted horiz driver transistor, 

* Checks the operation of the horiz osc / driver circuits, 

* Checks B+ "run" supply for the horiz osc / driver circuits, 

* Checks all circuits in the TV set that rely on scan derived B+, 

* Automatically circumvents all start up circuits and horiz drive 
related shut down circuits. 



HOOK UP: (Identical to Mark III) 

OPERATION: Turn the Mark Von, turn the TV set on, then, simply look 

at the lights. 

RED "HOOK UP" LIGHT means that you have made an error in hook 

up. No damage has been done, correct the problem then continue. 

RED "EMITTER" LIGHT means that the ground path for horiz output 

stage is open. Correct the problem then continue. 

RED "B + OPEN" LIGHT means that Ihe primary LV supply in the TV 

set is open. Correct the problem then continue. 

No "top row lights" equals normal. 

Look at the middle row of lights 

RED "START UP" LIGHT means that the start up circuit in the TV set 

is not working (no start up pulse). 

GREEN "START UP" LIGHT means the start up circuit in the TV set is 

working normally. Yes, it is 100% accurate. Even on Zenith's single 

pulse start up circuit ! 

RED "HORIZ DRIVE" LIGHT with a green start up light means that 

the horiz driver transistor in the TV is shorted (E to C). 

GREEN HORIZ DRIVE LIGHT means that the horiz oscillator and 

driver circuits are operational. 



READ THE DC VOLTAGE METER THEN, 

PUSH THE TEST BUTTON 

if the meter comes up to, or, falls back to, factory specified DC collec- 
tor voltage, the LV regulator circuit is working. If it fails to do so, It is not 
working! 

RED "B+ RUN" LIGHT means that the B+ source that normally 
keeps the horiz osc / driver circuits running after the start up B + pulse 
has been consumed has become open. 

GREEN "B+ RUN" LIGHT means that the B+ resupply voltage 
(scan derived) is being provided. All is normal if all three lights are now 
green. 

The scan circuit short detector in the Mark V is identical in all ways to 
that which is used in the Mark III. Operation is also identical. Both units 
are virtually indestructable when simple directions are followed. Both 
units carry a full year's warranty against defects in materials and 
workmanship (parts and labor). Either unit can be easily repaired by 
almost any technician in his own shop. 

If the green "circuits clear" light is now lit 

It is now safe to push the "run" button and examine the symptoms that 
appear on the CRT screen, for the purpose of isolating any "open" cir- 
cuits. 

Except for hook up and CRT filament warm uptime, this test can easily 
be completed in two to five seconds! 

The Mark V sells for only $995 00 

Stop losing money on start up I shut down scan 
derived B+ problems; order your Mark V today! 

Visa and Mastercharge Welcome ! 

Diehl Engineering • 6661 Canyon Drive "F" • Amahllo, TX 79110 
Phone (806) 359-0329, or (806) 359-1824 
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FtG. 5— AN OP-AMP VOLTAGE FOLLOWER may 
be used to buffer the output of the humidity 
monitor. 




FIG. 6— METERING CIRCUITS for the humidity 
monitor. Use the circuit shown at a with a 100-jaA 
meter, and the one at b with a SO-nA meter. 



put cannot fall below 60 mV, which corre- 
sponds to 6% RH. So, our monitor can 
read no lower than 6% RH. 

For best accuracy, the output should be 
monitored with a meter having an input 
impedance of at least one megohm. Alter- 
natively, the output could be buffered to 
drive an analog meter or other low-imped- 
ance load. The simple op-amp voltage- 
follower circuit shown in Fig. 5 could be 
powered by the same (battery) supply that 
powers the remainder of the circuit. Or 
you could, if desired, substitute a pre- 
assembled digital LED- or LCD-meter 
module. 

Another alternative would be to use a 
100- u.A moving-coil meter as an indica- 
tor. Since a 100-p.A meter with a full- 
scale reading of one volt has a resistance 
of 10K, it could replace R9 in the circuit, 
as shown in Fig. 6-«. But since a 100- u. A 
meter is slightly difficult to obtain, we 
used a 50-u.A meter with the voltage di- 
vider shown in Fig. 6-b for our prototype. 

Current drain 

The 78L05 low-power voltage regulator 



adds about 4 mA of current drain to the 
circuit, which would otherwise consume 
only about 1.5 mA. That 4 mA is the 
regulator's required operating current, so 
it can't be eliminated (unless you can ob- 
tain one of National's new micro-power 
voltage regulators). A Zener diode would 
not alleviate the current-drain problem, 
since it would require even more operat- 
ing current. A Zener diode would also 
have poorer regulation, which could af- 
fect accuracy. With no voltage regulator at 
all, the pulse height from IC3-C would 
vary with battery voltage, so accuracy 
would be affected. 

For portable or occasional use, a 9- volt 
battery is the ideal power source, since 
current drain is low. Alternatively, power 
could be supplied by an inexpensive wall- 
mount transformer with an output of 7.5- 
to 12- volts DC. For permanent outdoor 
installation, mount the power supply in- 
side the house, not out in the weather. 

Construction 

Our humidity monitor can be used in a 
portable mode both indoors and outdoors. 
However, for permanent outdoor installa- 
tion more rugged construction techniques 
will have to be used. We'll present plans 
for both portable and permanent units, 
although we'll stress construction of the 
portable unit. 

The circuit should be built on a PC 
board to minimize stray capacitance that 
could affect Id's output frequency and 
IC2's pulse width. You can purchase a PC 
board from the source listed in the Parts 
List, or you can etch and drill your own 
using the foil patterns shown in the "PC 
Service" section of this magazine. It's not 
recommended, but if you assemble the 
circuit on perf board, use the kind that has 
a solder pad around every hole (such as 
OK Industry's #A-PC-02 prototyping 
board). You may have trouble experiment- 
ing with our circuit on a solderless bread- 
board because that type of breadboard has 
a large amount of distributed capacitance 
and a ground plane that can also affect 
circuit operation. 

Use only high-quality, law-tem- 
perature-coefficient components to limit 
the effects of temperature on the circuit's 
accuracy. Capacitors CI and C2 should be 
polystyrene or polycarbonate types. It 
might be worthwhile experimenting with 
a positive -temperature-coefficient capaci- 
tor for CI to offset some of the sensor's 
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FIG, 8— YOUR COMPLETED PC BOARD for the 
humidity monitor should appear as shown here. 
Interconnecting wires attach to the bottom of 
the board. 



temperature drift, especially if the 
monitor will he used outdoors. The re- 
sistors should be metal- or carbon-film 
types; carbon composition resistors 
should not be used in our circuit because 
their values vary widely with temperature 
and humidity. 

When you have a suitable board, use 
the parts- placement diagram in Fig. 7 and 
the photo in Fig, 8 to mount and solder all 
components. Don't use IC sockets since 
they can contribute to stray capacitance. 
Solder the 3-pin tviolex socket to the 
board vertically (as shown in the photo) if 
you want to mount your sensor as it is in 
our prototype. Also, for proper vertical 
clearance you may find it necessary to use 
a small tantalum capacitor for C6, or to 
mount that capacitor to the foil side of the 
PC board. 

After mounting all components, check 
your work carefully, looking for solder 
bridges between adjacent pads, pins and 
traces. If the board is OK, remove all flux 
from it. Be careful to keep any solvent — 
particularly acetone — away from the sen- 
sor. Use isopropyl alcohol to remove fin- 
ger oils, and avoid touching cleaned 
surfaces. 

Use a pair of clipped-off resistor leads 
to extend the lengths of the sensor's leads. 
Carefully solder the wires to the sensor, 
and make sure you don't damage the sen- 
sor from too much heat! Then clip the 
leads to an overall length of Vi inch. They 
will project through the case and into the 
Molex socket after final assembly. 

Now let's turn to mechanical con- 
struction. First we'll discuss the portable 
unit. Drill a mounting hole in each comer 
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FIG. 7— PARTS-PLACEMENT DIAGRAM reveals the compact siie of the humidity monitor. 
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of the board, and use those holes to mark 
the locations of the screw holes in the 
case. Also, drill four holes for the sensor: 
two for the leads, and two for the mount- 
ing tabs. Use an eighth-inch bit (or larger) 
for the sensor leads to minimize capaci- 
five coupling to the case, as well as to 
eliminate the possibility of a short. Allow 
for a little offset in the position of the 
sensor due to the construction of the Mo- 
lex socket. 

The meter used in our prototype has a 
resistance of about 2K, so we added an 
18K resistor in series with the meter to 
give it a total resistance of 20K. Then R9 
was changed to a 20K resistor, so that the 
combination of R9, the meter, and RIO 
would be 1 OK. That combination gives the 
meter a full-scale range of one volt. 

If you use a 100 pA meter, pad its 
resistance to I OK, if necessary. Then re- 
move R9, and use the meter in place of 
that resistor. If you decide to use a digital 
meter, you can leave R9 at 10K, since 
most digital meters have at least 10 
megohms input impedance, and the paral- 
lel combination of R9 and the DVM will 
not affect accuracy. 

Mounting the sensor at the "rear" of 
the case might reduce the sensor's ability 
to respond to current humidity conditions , 
especially if the monitor is pushed back 
on a shelf. However, mounting the sensor 
in that way reduces the possibility that it 
will be damaged. But fee) free to experi- 
ment with your own case and mounting 
methods. We bent a /'-inch piece of thin 
steel strapping into a "U" shape with 
legs. Holes were drilled through the legs 
and through the case on either side of the 
sensor. Then the "U" was bolted to those 
holes to prevent mechanical damage to the 
sensor. 

Finish assembling the case by installing 
the power switch, battery holder, and four 
Kt-inch standoffs for the PC board. If nec- 
essary, carefully remove the face plate of 
the meter and use rub-on letters to re-label 
the meter's scale. Assuming you're using 
a 50-p.A meter, wire the case-mounted 
components as shown in Fig. 9. If you're 
using a different metering circuit, sub- 
stitute the appropriate resistive network. 
Loose wires and components can move 
around and cause the outputs of IC1 and 
IC2 to vary, so mount all components se- 
curely, and keep all leads short. 




To complete assembly of the portable 
unit, mount the board to the case. Then 
insert the sensor's leads through the case 
and mount the sensor to the case with two 
sheet metal screws. Be careful not to 
crack the sensor by over-tightening those 
screws. 

Building the outdoor monitor 

For permanent outdoor use, the sensor 
must be covered to protect it from direct 
rain and sunlight. A small louvered or 
screened box about ten inches on a side 
should work. Just make sure that air can 
circulate freely through the enclosure to 
reach the sensor. Also, avoid placing the 
assembly in vegetation, near a sprinkler, 
or in any other location that might tend to 
exaggerate the actual humidity. A hun- 
dred feet of 22-gauge wire between a re- 
motely-mounted sensor and an indoor 
power supply and display meter should 
not affect accuracy. 

To install the monitor outdoors perma- 
nently, the circuit will have to be mounted 
in a watertight enclosure. We'll discuss 
how to do that using the Keystone en- 
closure specified in the Parts List. 

First, trim the PC board to fit the case. 
Then cut four two-inch lengths of 18- 
gauge wire and insert them into the holes 
at the end of the board. Bend the leads so 
that at least !4-inch of the wire lies flat 
against the copper foil , and then solder the 
leads. The 14-inch of contact helps 
strengthen the support for the board. Slide 
the free ends of the wires into the octal 
base of the case. Carefully bend the leads 
so that the end of the PC board rests 
against the base. Then clip the leads flush 
with the end of the plug's pins, and solder 
the wires inside the hollow pins. The octal 
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FIG, 9— IF YOU USE A 50-fiA METER with the 
humidity monitor, It should be wired as shown 
here. 



TOP VIEW 

FIG. 10— OUTDOOR INSTALLATION of the hu- 
midity monitor requires a watertight case; drill 
holes for the sensor as shown here. 

plug won't fit into its socket if solder leaks 
through to the outside of the pins, so be 
careful . 

Refer to Fig. 10 to drill the mounting 
holes for the sensor in the top of the case, 
and to Fig. II to drill the holes in the side 
of the case that allow access to trimmer 
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SIDE VIEW 

FIG. 11— TWO HOLES MUST BE DRILLED in the 
side of the waterproof case to allow final calibra- 
tion. 

potentiometers R2 and R6. Those holes 
must be located precisely as shown to 
allow proper assembly and adjustment. If 
you use a small metal punch for the access 
holes in the side, you may be able to re- 
insert the punched-out pieces in the holes 
after calibration; otherwise fill the holes 
with epoxy, or cover them with electrical 
tape. 

Bend the leads of the Molex connector 
90 degrees before mounting it flush 
against the PC board . Then solder a scrap 
of wire across the socket to hold it in place 
firmly; two boles have been provided in 
the PC board for that support wire. The 
sensor's leads will have to be extended to a 
length of Ys inch. 

To complete assembly, attach the sen- 
sor to the case with two sheet metal 
screws. A thin rubber gasket placed be- 
tween the sensor and the case will provide 
additional weatherproofing. Carefully in- 
sert the board and the base assembly into 
the case so that the Molex connector 
mates with the sensor's extensions. Use 
four screws to hold the case and the octal 
base together. The two holes in the side of 
the case should line up with R2 and R6 so 
that those potentiometers can be adjusted 
easily with a small screwdriver. 

Final check-out 

The check-out is the same for both the 
portable and the permanent versions of 
our humidity monitor. Before powering 
up, carefully check the board once more 
to make sure that all components have 
been installed correctly, and that there are 
no solder bridges between traces, etc. 
Then plug the sensor into its socket and 
apply power. You should be able to mea- 
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sure some voltage across R9 {in other 
words, Ml, if installed, should deflect); 
that voltage should rise if you breathe on 
the sensor. 

If you get no output, re-check your 
work, and verify that supply voltage (five 
volts) appears at pin 8 of IC1, pin 8 of IC2, 
and at pin 14 of IC3. If that voltage is 
present, use an oscilloscope to verify the 
presence of the waveforms shown in Fig. 
4. After the board is debugged, allow it to 
cool down from the heat of soldering be- 
fore doing the final calibration. Also, iso- 
late the sensor from hand and breath 
moisture until it stabilizes to ambient hu- 
midity — about 5 minutes should do it. 

Calibration 

For the first step of calibration we'll 
assume that the sensor's output exactly 
matches the curve shown in Fig. 2. Doing 
that allows us to substitute 1% silver-mica 
capacitors for the sensor. Insert a 115-pF 
capacitor into the sensor's socket and ad- 
just R2 for a reading of 6% RH (60 raV). 
Then replace that capacitor with a 160-pF 
unit and adjust R6 for a reading of 100% 
RH (1.00 volt). 

After assembling the case, you will 
need to re-adjust R2 so that the output 
agrees with a secondary humidity stan- 
dard. That adjustment alters ICl's pulse- 
width to correspond to the sensor you're 
using. Remember, the Philips sensors 
have a tolerance of ±15% at 43% RH. 
This means that, although there will still 
be a 45 -pF change in capacitance over the 
entire 0-100% range of RH, the high and 
and low values may be shifted above or 
below the nominal values. It is R2 that 
provides compensation for that shift. 

Absolute calibration standards 

Finding a humidity standard can be dif- 
ficult, but here are a few ideas that may be 
useful. The most common method of 
measuring humidity accurately is with a 
sling psychrometer. You may be able to 
borrow one from a science or chemistry 
lab at a local high-school or college. The 
sling psychrometer has both dry- and wet- 
bulb thermometers. The wet-bulb unit has 
a wick on its bulb that is moistened with 
distilled water. When the psychrometer is 
whirled in a circle, the evaporation of the 
wick cools the thermometer's bulb. The 
amount it cools depends on the amount of 
water that evaporates, and that is governed 
by the amount of moisture in the air — the 
relative humidity. 

The dry-bulb thermometer is unaffected 
by that procedure since it's not moistened; 
it simply indicates the temperature of the 
ambient air. With every psychrometer 
comes a chart that allows you to determine 
RH from the readings on the two ther- 
mometers. 

The accuracy of the sling psychrometer 
method depends on the accuracy of the 
two thermometers, the accuracy with 



TABLE 2— SATURATED SALT SOLUTIONS 



Salt 


% RH (ffi 68T 


% RH @ 7TF 


Lithium Chloride Mono hydrate 


11.3 


11.2 


Magnesium Chloride Hexahydrate 


33.1 


32.8 


Magnesium Nitrate 


54.4 


52.9 


Sodium Chloride 


75.5 


75.3 


Potassium Chloride 


85.1 


84.3 


Potassium Sulphate 


97.6 


97.3 



which they're read, the cleanliness of the 
wick and the water, and also upon a suffi- 
cient quantity of air blowing across the 
wick. Small sling psychrometers with one 
degree increments and short ther- 
mometers have an accuracy of only 10%, 
or worse. 

Saturated salt solutions offer better ac- 
curacy, but they are more difficult to use 
because the sensor has to be placed as 
close as possible to the solution without 
touching it, and the calibration process 
must occur inside an airtight container. 
That can make circuit adjustment awk- 
ward. Anyway, the solution maintains an 
equilibrium of humidity within the sealed 
container as long as that solution remains 
saturated. Both salt and water must be 
pure for best accuracy. We list some com- 
monly-used solutions, and the humidities 
you can obtain with them, in Table 2. 

Caution: Those solutions are poi- 
sonous, so handle and store them with 
care, and keep them out of the reach of 
children and pets. If you use the lithium 
chloride solution, don't allow it to fall 
below a temperature of 18°C (64°F), since 
the humidity reference of the solution will 
be permanently altered. Whichever salt 
you use, stir in crystals a little bit at a time 
until precipitates begin collecting on the 
bottom of your container. When you're 
sure no more salt will dissolve, put the 
solution and your circuit board in an air- 
tight container, and adjust R2 so thai the 
meter agrees with the value in Table 2. 

One problem with the above calibration 
procedure should be obvious— how does 
one make the adjustments while the board 
is within the air-tight container? There are 
two possibilities. One is to make ihe ad- 
justment outside the container, then place 
the board inside to see the result. Repeat 
as needed until the meter reading agrees 
with the value in Table 2, A more sensible 
solution would be to mount only the sen- 
sor in the container so that R2 can be 
adjusted from outside. 

If those methods of calibration are im- 
practical for you, you might try tuning in a 
local weather broadcast on radio or TV, or 
you could call the National Weather Ser- 
vice in your area. To do the final calibra- 
tion, whatever standard you have chosen, 
apply power and then adjust R2 so that the 
value indicated by the meter agrees with 
your standard. Construction is now com- 
plete. 



Final thoughts 

Whether or not you actually built our 
humidity monitor, we hope you learned 
something about what humidity is and 
about ways of measuring it. Like many 
subjects, there is a great deal more that 
could be said about humidity; we encour- 
age you to do some investigating on your 
own. In a similar vein, our circuit was not 
intended to be used as the basis of a preci- 
sion instrument, but we hope you'll find it 
fun to build as well as useful. 

As you know, indoor humidity drops 
drastically in the winter. The reason is that 
cold, dry outside air is further dried by 
most indoor heating systems. (To be more 
accurate, hot air can hold more moisture 
than cool air, so the RH drops as the tem- 
perature rises. You may find it interesting 
to know that office buildings are often 
built these days with humidity controllers 
in addition to the systems that control 
their heating, ventilation, and air-con- 
ditioning (HVAC) systems. 

You can use our humidity monitor to 
help maintain humidity levels at your 
home or office at a comfortable (and safe!) 
level. Humidity control can help prevent 
respiratory problems, and it can prolong 
the life of valuable paintings, books, and 
electronic devices. 

For indoor use, avoid placing the hu- 
midity monitor near air-conditioning or 
heating vents; also, keep the monitor far 
away from any large potted plants since 
they can affect accuracy. For desktop use, 
keep the sensor away from a hot work- 
light, as heat can also affect the humidity 
reading. 

An RH of less than 20% can easily 
occur during the winter. And with such 
low humidity, a large quantity of static 
electricity can build up, since the con- 
ductive moisture usually present in the air 
isn't available to provide a discharge path 
for that energy 

Making sparks fly by touching your 
spouse's nose or a metal surface may be 
fun , but doing that to your computer (or 
just about any electronic device) could 
prove fatal for the machine. Similarly, 
you're much more likely to damage 
CMOS and other components while 
building projects like our humidity 
monitor. So, an RH of about 50% is low 
enough for you to be comfortable, and 
high enough for your electronics to be 
safe. R-E 
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ELECTROMAGNETIC IN- 

terference (EMI) can 
couple into your sensitive equipment in 
two ways. One of those is via radiation. 
Last time, we saw some of the techniques 
that can be used to eliminate that coupling 
path. 

The second way is through conduction. 
This month, we'll turn our attention to 
conducted interference and see the vari- 
ous ways that we can combat its harmful 
effects. 

As we saw in Part 1 of this article (see 
the November 1985 issue of Radio-Elec- 
tronics), there are two forms of conducted 
interference. In differential-mode inter- 
ference, the interfering signal appears 
across two conductors, such as a pair of 
single lines or the hot and neutral sides of 
a power line. In common-mode inter- 
ference, the interfering signal appears on 
both conductors, with the reference being 
a third point (such as a chassis ground). In 
common-mode interference, the interfer- 
ing signals on the two conductors may not 



This month, we show you how to head off interference 

before it enters your electronic equipment. 

We look at how to deal with power-line transients, too! 



be of equal amplitude, but they are in 
phase. 

There are a couple of ways to deal with 
conducted EMI. One way is to carefully 
plan out and design any interconnecting 
cabling. Often, however, you have no con- 
trol over such cabling {such as in the case 
of power or telephone lines). In those 
cases, the only alternative is to install a 
filter between the line and the equipment. 

Cable design 

Cables can act like pickup and receiv- 
ing antennas. When a cable is acting like a 
pickup antenna, a radiated TMI signal is 
converted into a conducted EMI signal, 
which travels on the wires in the cable, 
through shields, and right into your cir- 
cuitry. Or, conducted noise (from the 
commutator in the blower motor of a hair 
dryer, for instance) finds its way onto the 
power cord, travels over the AC wiring, 
and then into the "victim's" circuitry 
through its power cord. Either way, the 
result is interference. 



Your projects can either radiate or pick- 
up EMI, or they can do both. In this i - 
stallment, we will see how to deal w 
radiation of EMI, but the techniques dis- 
cussed are also effective against EMI 
pickup in the vast majority of instances. 

Last time, we saw that antennas can be 
classified by their impedance; of interest 
here are the low-impedance types. Let's 
see why. 

In many circuits, the operating voltages 
are relatively low, often ranging between 5 
and 24 volts; the impedance of the source 
of that voltage, the power supply, is gener- 
ally low. To get an efficient radiator when 
the EMI antenna is being driven by a low 
impedance voltage source, the "antenna" 
must have a relatively low impedance. 
One type of low- imped a nee antenna is a 
simple wire loop. In a circuit or a project, 
that loop can take many forms. For in- 
stance, any loop of wire, such as the 
power feed and return to a disk drive, or 
the power supply and ground traces on a 
PC board can become a surprisingly effi- 
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cient radiator. Loops can also be formed 
by any signal-carrying conductors such as 
the data or clock lines. 

Just how much energy is put out by 
those unintentional antennas? The radi- 
ated field strength of a loop is proportional 
to the product of the current in the loop, 
the frequency of the signal carried by the 
loop, and the area of the loop. All three 
variables play a role in determining how 
much energy is output. The current in the 
loop determines how much energy is 
available to drive the radiator. The area of 
the loop, and the frequency of the signal 
that is driving it, determine the efficiency 
of the radiator. Generally speaking, the 
greater the area of the loop and/or the 
frequency of the driving signal , the great- 
er the efficiency of the radiator. The same 
is true of a "receiving antenna" — the 
larger the area of the loop and the greater 
the frequency of the received signal, the 
more efficient the pickup. 

Obviously, the current and frequency 
are determined by the parameters of the 
circuit; that means that, in the majority of 
the cases, their values can not be reduced 
(or changed in any manner) without af- 
fecting the correct operation of the circuit. 
The area of the loop, however, is an en- 
tirely different matter. 

That leads us to one of the most impor- 
tant rules for reducing EMI: When de- 
signing or laying out cable runs and 
printed-circuit board traces, keep the area 
of any potential loops small. Consider the 
simple circuit shown in Fig. I. It consists 
of a signal source, a load, and a ground. 
The area of the loop is formed by the 
product of the physical distance separat- 
ing the source and the load (L), and the 
physical distance separating the "signal" 
and "return" (grounded) leads (H). 



I 



SOURCE f - 



i 



LOAD 



FIG. 1— THE AMOUNT OF INTERFERENCE that 
a circuit can pick up or cause is largely deter- 
mined by the physical size of the loop that It 
forms. 

The circuit shown can be realized in a 
number of ways. For instance, the source 
could be the output of one gate while the 
t/3 load could be the input of a second gate. 
^ The return line could be a common bus or 
O the chassis ground of the project. But no 
f matter what form the circuit takes, under 
[r] the right circumstances, the whole thing 
Oj can become a large radiating loop. 
O The way to minimizing the radiation 
Q output by such a loop is to reduce the 
rr distance between the source and the load. 



run the signal and return leads as close 
together as possible, or both. For in- 
stance, by running a dedicated return line 
alongside the the signal line, rather than 
having the return current flow through the 
chassis ground, the loop area is reduced 
significantly. With dedicated signal/return 
cabling, H is effectively reduced to the 
thickness of the insulation surrounding 
the two wires. That solution works, and it 
is much cheaper than using a shielded 
cable. 

When dealing with differential-mode 
currents, using twisted-wire pairs for the 
signal line and the return can further help 
reduce interference. Twisting the wire 
pair significantly reduces the overall area 
of the loop. Each twist of the wires does 
form a small radiating loop, but the twist- 
ing causes the loops to be polarized in 
opposite directions. The result is that the 
radiation from one loop cancels out the 
radiation from the adjacent loop. The 
tighter the twisting the better the cancella- 
tion. 

The foregoing assumes that the currents 
in the two lines of a twisted pair are bal- 
anced — that is, that they are equal in am- 
plitude. The closer the lines are to being 
balanced, the better the reduction of dif- 
ferential-mode radiation and pickup. 

Balancing also helps the circuit to re- 
ject the effects of common-mode cur- 
rents. Let's assume that we are dealing 
with two lines feeding two inputs on an 
unbalanced receiver (a logic gate, etc.). 
Further, let's assume that the common- 
mode currents traveling in those lines are 
equal. Here, unbalanced means that the 
impedances, "looking" into the receiver, 
from all lines to ground are unequal. The 
result is that when the equal common- 
mode currents encounter the unequal im- 
pedances, unequal voltages are generated 
at the inputs. Those unequal voltages 
stimulate the inputs to the receiver, just as 
a normal signal is supposed to, and an 
undesired output signal can result. 

That is a common problem. In fact IC 
op-amps have a parameter called the 
Common Mode Rejection Ratio 
(CMRR). That parameter is a measure of 
how well the op-amp can reject the effects 
of a common -mode input. The inter- 
ference caused by common-mode cur- 
rents is the reason that balanced line 
drivers/receivers are used in many cases 
for long signal -cable runs. 

Crosstalk 

Crosstalk is caused by the mutual in- 
ductance and parasitic capacitance that 
exists between any two conductors (see 
Fig. 2). One common example of 
crosstalk is the phantom conversations 
that are often overheard when you speak 
on the telephone. 

Though the parasitic capacitance and 
mutual inductance are shown lumped in 
Fig. 2, those quantities are distributed 




FIG. 2— TWO PARALLEL LINES are electromag- 
netlcatly coupled because of the mutual induc- 
tance and parasitic capacitance that exists 
between them. That coupltng is what causes the 
phenomenon known as crosstalk. 



along the length of the lines. Although 
there are no physical connections between 
the lines, the electrical coupling provided 
by the parasitic capacitance and parasitic 
inductance provides a path for the current 
in one wire to "enter" the other. At low 
frequencies, mutual inductance is the pri- 
mary coupling mechanism; as the fre- 
quency gets higher, parasitic capacitance 
becomes the primary mechanism. 

The closer the cables are together and 
the longer the parallel runs between the 
two cables, the greater the coupling. Be- 
cause of that, the obvious and most inex- 
pensive way to reduce crosstalk is to 
physically separate conductors that are 
likely to interfere with each other. Move 
conductors carrying high voltages (such 
as AC power cords) away from ones carry- 
ing low voltages (such as signal lines). In 
addition, keep input and output cables 
isolated from the wiring inside the equip- 
ment box. In addition, keep any parallel 
runs between conductors as short as possi- 
ble. One way to do that is to make exten- 
sive use of twisted-wire pairs. Note that 
lines that cross at 90° angles have almost 
no mutual inductance and negligible para- 
sitic capacitance (a couple of picofarads). 

Shielded cable design 

Using twisted-wire pairs is an effective 
method of reducing differential-mode in- 
terference. To combat common-mode in- 
terference, shielded cable is more 
effective. To combat both types of inter- 
ference, shielded cables are often made of 
twisted-wire pairs. In very noisy environ- 
ments, "double-shielded" cables, in 
which the individual twisted pairs are also 
shielded, are used. 

The effectiveness of the shielding de- 
pends on the nature of its ground. Or, 
more specifically, whether one end or 
both ends should be grounded. When 
dealing with low frequencies, it is usually 
sufficient to ground the shield at one end 
only (usually the receiving end). In addi- 
tion, grounding the shield at both ends 
can cause a ground loop to be formed. By 
low frequency we mean that the shield is 
electrically short when compared with the 
wavelength of the EMI signal (i.e., the 
shield is shorter than approximately ¥n of 
a wavelength). Under that condition, 
every point on the shield can be consid- 
ered to be at ground potential. At higher 
frequencies, however, both ends must be 
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grounded. That grounding should be 
made directly to the chassis ground, and 
at the point where the cable enters the 
circuit enclosure. 

The wide usage of flat ribbon cables in 
many types of circuits merits special con- 
sideration. When using ribbon cables, 
and when the circuit is especially sen- 
sitive to pickup of radiation (or when the 
circuit could potentially radiate), a return 
or ground conductor should be placed be- 
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SIGNAL CONDUCTORS 

FIG. 3— TO ELIMINATE CROSSTALK problems 
In ribbon cable, alternate conductors should be 
grounded. 
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FIG. 4— A SINGLE CAPACITOR, Installed as 
shown, can be used to filter out differential- 
mode Interference. To handle common-mode In- 
terference, the capacitor should be installed be- 
tween each line and ground. 

tween each signal line (see Fig. 3). 

Often, that is not done. It is common 
for a flat ribbon cable to have 25 or more 
conductors, only one of which is a 
ground. That can lead to high capacitance 
between signal conductors, resulting in 
crosstalk problems. The presence of a 
ground or return line between each signal 
line will "shield" the signal lines from 
each other. 

Finally, if you want to be totally free 
from EMI radiation or pickup from cab- 
ling, use fiber optics. Made of glass or 
plastic fibers, such cables neither radiate 
nor pick up electromagnetic energy. They 
are coming into wide use in applications 
where long runs of data cables operate in 
noisy environments. Telephone compa- 
nies, for instance, are now making exten- 
sive use of fiber-optic cables. 

Filters 

Even with good cable design and 
layout, sometimes a filter is needed to 
reduce conducted EMI. A filter is a circuit 
that allows certain frequencies to pass un- 
impeded, but blocks others. Depending 
on its design, a filter can allow only sig- 
nals below a cut-off frequency to pass 
(lowpass filter), only signals above a cut- 
off frequency to pass (highpass filter), or 
pass or block signals within a given range 
or band (bandpass or notch filters, respec- 
tively). 

A simple filter, consisting of but a sin- 
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FIG. S— THIS FILTER NETWORK Is effective 
against both different! a I- mode and common- 
mode Interference. 



gle capacitor, is shown in Fig. 4. At high 
frequencies, the capacitor looks like a 
very low impedance to ground. As a re- 
sult, any high -frequency signals are short- 
ed to ground. At low frequencies, the 
capacitor is a high impedance, and the 
signals are unaffected. Thus, the capaci- 
tor is acting like a low pass filter. Capaci- 
tors are used in that way in a number of 
applications, such as across the terminals 
of automotive alternators, electric 
motors, and on printed-circuit boards (de- 
coupling capacitors). 

To use any filter effectively, including 
the simple capacitor filter, you need to 
know the nature of the EMI you are deal- 
ing with. That's because a filter designed 
to eliminate common -mode EMI will be 
largely ineffective against differential- 
mode interference, and vice- versa. 

Let's look at a familiar and common 
source of EMI and see what kind of inter- 
ference it creates. An electric razor is one 
such source. Because the electric motor in 
the razor is connected between the hot and 
neutral sides of the power line, the con- 
ducted interference it generates is dif- 
ferential mode. That is, the EMI voltage 
appears between the hot and neutral lines. 
On the other hand, when an overhead 
power line acts as a receiving antenna, 
coupling a broadcast radio signal to the 
AC power line, for instance, the EMI sig- 
nal that results is common mode. 

To filter differential-mode interference, 
the capacitor must be installed between 
the hot and neutral lines. For common- 
mode interference, capacitors must be in- 
stalled between each line and ground. 

If the interference is both common- and 
differential -mode, and/or is made up of a 
variety of frequencies, a more complex 
filter network is required. Such filter net- 
works are made up of capacitors, induc- 
tors, or both. One popular design is 
shown in Fig. 5. That filter is effective 
against both common -mode and differen- 
tial-mode interference. It is installed at 
the point where the power cord enters the 
equipment's enclosure. 

The transformer in that circuit, Tl, is a 
common-mode choke. As its name im- 
plies, its purpose is to block common- 
mode signals. The transformer is built in 
such a way that the flux generated by the 
common-mode signals in one winding 
opposes the flux generated by the com- 
mon-mode signals in the other winding. 
That results in a high impedance to com- 
mon mode signals, but differential-mode 



signals are not affected. That deficiency is 
taken care of by the series inductors, LI 
and L2; those coils present a high imped- 
ance to the high-frequency differential- 
mode signals. The function of the capaci- 
tors in the circuit is to shunt differential- 
and common- mode signals to ground, as 
previously discussed. 

If your interference problem is not se- 
vere, or if the victim circuit is not overly 
sensitive to EMI, you can build a circuit 
like the one shown in Fig. 6. In that cir- 
cuit, or in any filter circuit, keep the ca- 
pacitor leads as short as possible, A 
capacitor with long leads starts to behave 
like an inductor as the frequency goes up. 
Also, use a low-impedance ground con- 
nection (the "ground" connection of a 
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FIG. 6— IF THE EQUIPMENT Is not overly sen- 
sitive to EMI, or the EMI situation is not severe, 
here's a practical circuit that will cure the prob- 
lem. 



three-wire power cord is suitable). 

One common problem is the unwanted 
reception of AM radio stations or CB ra- 
dios by tape decks, audio amplifiers, etc. 
That type of interference problem occurs 
when a radio signal is picked up by power 
or signal cables and causes a common- 
mode current to flow into the electronics. 
That type of problem can often be cured 
by placing a piece of ferrite around the 
cable as shown in Fig. 7. The effect 
caused by doing that is similar to the one 
caused by installing a common-mode 
choke. That is a quick and easy solution as 
it entails no soldering — just unplug the 




FIG. 7— PLACING A PIECE OF FERRITE around 
a cable Is one simple way to eliminate some 
types of common-mode EMI. 
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cable and install the ferrite. (It must be 
mentioned that that solution will do 
nothing if the interference is differential 
mode.) 

Interference is filtered from signal lines 
in much the same way, assuming that the 
interference signal differs in frequency 
range from the intended signal. But if the 
EMI is in the same frequency range as the 
desired signal, there is little that you can 
do to reduce the conducted interference 
with filters. In those cases, the inter- 
ference must be prevented from getting 
into the cables by using proper cable de- 
sign and shielding. 

Filter installation 

The important thing to remember when 
installing either a commercial filter or a 
home-made one is to isolate the unfiltered 
lines from the filtered ones. In carrying 
out such installation, keep the following 
pointers in mind: 

Install the filter at the entrance of the 
power cord to the equipment box; do not 
allow the AC line cord to penetrate the 
equipment enclosure. Keep the ground 
leads from the filter as short as possible. 
For best results, mount the filter on a met- 
al surface (aluminum foil will do) so that 
the input connection is made through that 
metal surface; the surface is then con- 
nected to the the ground wire of the equip- 
ment's AC power cord. 

Transient suppression 

Anyone who has ever lost a batch of 
data or has seen his program "crash" 
when the lights dimmed knows the frus- 
tration that power-line transients can 
cause. Severe transients are capable of 
causing damage to electronic devices, es- 
pecially members of the very sensitive 
MOS logic families. The most common 
types of transients on the power lines are 
as follows: sags (the power line voltage 
drops below the normal value for a short 
period of time); surges (the line voltage 
rises above the normal value for a short 
period of time); dropouts (the line voltage 
drops to zero for a short period of time); 
impulses (fast-acting conducted spikes of 
positive or negative polarity that are su- 
perimposed on the normal line voltage), 
and frequency changes (when the fre- 
quency of the line voltage deviates from 
60 Hz). 

The duration of those types of distur- 
bances, especially the first three, is usu- 
ally very short, typically lasting for only a 
few cycles (at 60 Hz, the period of a cycle 
is approximately 16.7 milliseconds). They 
have a variety of causes. Some of those 
include lighting, starting and stopping of 
heavy machinery, and momentary line 
faults (short circuits to ground) in the 
power distribution system. Long term dis- 
turbances usually take the form of black- 
outs or brownouts. 

For protection against the long-term 



disturbances, the only recourse is some 
type of uninterruptible power supply. 
Those devices contain storage batteries 
and sensing circuits that switch the load to 
the batteries when the line voltage falls 
below a certain value. 

There are, however, many ways to pro- 
tect your equipment from the effects of 
short-term transients. The first step is to 
recognize that transients can have two 
very different sets of characteristics. That 
is, transients can be unidirectional or os- 
cillatory. An oscillatory transient has a 
fast rise-time and then becomes a decay- 
ing sinusoid, oscillating at some frequen- 
cy until it damps out. The unidirectional 
wave has a very short rise-time and a com- 
paratively long fall-time. Once the tran- 
sient drops to zero, it shows no 
oscillation. Of the two, oscillatory tran- 
sients are more commonly encountered. 

Transients are capable of doing quite a 
bit of damage; impulse and surge voltages 
as high as 6000, and currents as high as 
200 amperes have been observed. To pre- 
vent damage from occurring, the energy 
must be diverted before it enters sensitive 
electronics equipment. Power-line EMI 
filters will help to reduce some of the 
transient energy, but the amplitude of 
some transients can overwhelm the filters 
and cause damage. A device especially 
designed for transient suppression is 
needed. 

There are a variety of devices that are 
useful in protecting your equipment from 
high-energy transients. Many of those are 
available commercially; you simply buy 
them and install them between the AC 
outlet and your equipment. They are gen- 
erally satisfactory for most applications, 
if they are installed properly and if a good 
ground is used. 

It is also possible to design and build an 
effective "home-brew" suppressor. The 
key components for such a device — gas 
tubes, varistors, and Silicon Avalanche 
Suppressors (SAS) — are readily avail- 
able. 

Basically, gas tubes consist of a pair of 
electrodes that are encased in a non-con- 
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ductive (usually glass) envelope that con- 
tains an inert gas. See Fig. 8-a; the 
schematic symbol for the gas tube is 
shown in Fig. 8-i. One of the electrodes is 
connected to the hot line of the AC power 
cord, and the other is either grounded or 
connected to the neutral line. Normally, 
the presence of a gas tube in the line has 
no effect, but when a high-energy tran- 
sient occurs, there is arcing between the 
two electrodes. That arcing is the dissipa- 
tion of the transient energy. Lightning ar- 
restors, installed on the utility companies 
lines, are usually made up of very large 
gas tubes. 

Varistor is short for Vfl/f/able re- 
siSTOR, which essentially describes the 
action of that device. Varistors have a high 
resistance at low voltages, but as the volt- 
age increases, the resistance greatly de- 
creases. In the low resistance state, the 
varistor is capable of handling a large in- 
crease of current without a large increase 
in voltage. Thus, the voltage on the line is 
"clamped." Varistors are inherently bi- 
polar devices. 

The level of the clamping voltage de- 
pends on the type of varistor and the ener- 
gy rating of the device. The varistor, if not 
properly chosen, can be over-stressed, re- 
sulting in damage to the varistor and a 
lack of protection for your equipment. 
However, varistors are available in various 
ratings that can be matched to the job at 
hand. In addition, varistors react very 
quickly to transients. 

SAS devices are most suitable for use 
on signal lines, low voltage lines, tele- 
phone lines, and at the circuit-board level. 
SAS's, which are very fast-acting devices, 
are essentially large area p-n junctions or 
"beefy" diodes. The device's charac- 
teristic curve resembles that of a Zener 













■s 








1 












T0 < 

LINE* 


( 


$ 




1 


J 




> T0 

LOAD 


KY 








j* 



o 
b 



FIG. 8— A CROSS-SECTION Of a gas tube Is 
shown In a; tts schematic symbol is shown in b. 



FIG. 9 — A HYBRID transient-suppressor circuit 
allows you to combine the advantages of two or 
more types of suppressor devices. 

diode, but they can handle much more 
energy. Both bipolar and unipolar devices 
are available. 

It is possible to combine the above de- 
vices into a hybrid suppression network , 
Such hybrid networks are useful because 
the designer can combine the advantages 
of two or more suppressor components, 
such as the energy-handling capability of 
a gas tube with the speed of an SAS. Such 
a hybrid network is shown in Figure 9. 
The isolating impedance is included in the 
network to limit the transient current into 
the SAS; it also causes the voltage to build 
up high enough to trigger the gas tube. 
continued on page 114 
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Turn your i/o/ce /nto a versatile musical 
"instrument" with this fun-to-build mini music synthesizer. 



THIS MINI-MUSIC SYNTHESIZER IS NOT TOO 

complex, but it is a load of fun to build 
and use. The ingenious little unit samples 
and holds the frequency of a signal from a 
microphone or other sound source and 
outputs that signal as a single note. The 
input "signal" can be a whistle, hum, or 
some other sound. The duration and am- 
plitude of the note can be controlled. The 
frequency of the note can be halved or 
doubled with a flick of a switch. A vibrato 
effect can also be applied via a variable 
tremolo control. To add to all of that, two 
channels are available to give chorus or 
stereo effects. Each of those channels has 
a separate volume control. 

The signal source is derived from a low- 
to medium-impedance microphone. That 
microphone can be almost any dynamic 
orelectret type. The types used with low- 
cost cassette recorders will work well. 

The synthesizer's output is connected 
to an external amplifier of some type. A 
home-stereo system would be suitable; 
feed the signal to the auxiliary or tuner 
input. A PA amplifier could also be used. 

How it works 

The schematic of the synthesizer is 
shown in Fig. 1. As you can see there, its 
input section is basically a microphone 
amplifier and signal shaper with three 
stages. Twin Voltage Controlled Os- 
cillators (VCO's) each with a Voltage 

Adapted from a project that originally appeared in 
Dick Smith's Funways into Electronics, win me 
three. 



Controlled Amplifier (VCA) output stage 
make up the main section. The remaining 
circuitry is a simple, adjustable low-fre- 
quency oscillator that's used as a tremolo- 
effects generator. 

The first stage of the input section is 
made up of ICl-a and its associated cir- 
cuitry. That stage has a gain of about 100 
at 1 kHz. The op-amp circuit used in that 
stage is very basic. Note, however the 
presence of the capacitor in the feedback 
loop. That capacitor causes a roll-off in 
gain as the input frequency increases. The 
output of the amplifier is AC coupled to 
the next stage by C7. 

The second stage consists of ICl-b and 
its associated circuitry. That stage has a 
gain of about 20. Like the previous stage, 
the high frequency response is limited by 
a capacitor in the feedback loop. That re- 
sponse tailoring has been done to reduce 
the normally rich harmonic content of the 
human voice; the only signal we want to 
process is the fundamental note. The har- 
monics are low in amplitude and can be 
partially rejected by the simple approach 
used in that circuit. 

The last stage of the input section is the 
most significant and needs some explana- 
tion. The op-amp there, ICl-c, is config- 
ured as a Schmitt trigger with offset. The 
hysteresis components are R22 and R21. 
Normally a Schmitt trigger is bistable, 
and in the quiescent state the output would 
be either positive or negative depending 
on the last signal transition. The dif- 
ference in this case is that the offset volt- 



age at the inverting input is greater than 
the hysteresis voltage at the noninverting 
input; resistors R20 and R39 establish that 
offset. The purpose of the offset is to as- 
sure that the output at pin 8 of IC1 is 
always low (negative) when no signal is 
present. The output will only switch when 
the input exceeds the sum of the hysteresis 
and offset voltages. The circuit acts as a 
gating system to the following phase- 
locked loop circuits. 

The Schmitt trigger is the second stage 
of the processing that rejects the harmon- 
ics and noise in the input signal from the 
microphone. The input level, set by R41, 
is adjusted by turning that control until 
reliable response is achieved from a nor- 
mal-level input (such as a singing voice). 
It is not adjusted farther than that mini- 
mum amount. In that way, the Schmitt 
trigger will tend to switch only on the 
peaks of the fundamental. The levels of 
the harmonics and noise content of the 
signal are below the threshold switching 
points and will be rejected. The purer the 
voice or note, the more reliable the circuit 
action. A "gravelly" or "rough" voice 
thus will tend to prove unreliable as a 
signal source. The best results will be 
from a whistle, because that produces a 
note that is relatively free from harmonics 
of any amplitude. 

From the output of ICl-c, the signal is 
split and fed to both the right and left 
channels. Since the circuitry in the two 
channels is identical, we will look at only 
one of those: channel 1 . 
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FIG. 1 — SCHEMATIC DIAGRAM of the mini synthesizer. The potentiometers can be either panel- 
mounted or PC-mounted. 
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* SEE TEXT 
FIG. 2— THE LOCATIONS OF ALL PC-board mounted components are shown here. To disconnect the 
microphone input stage, cut the trace between the pads marked with an asterisk. 



From the Schmitt trigger, the signal is 
passed to IC2, a 4046 CMOS Phase Lock- 
ed Loop (PLL). That IC consists of two 
separate circuits. One is a VCO that runs 
from sub audio to over 1 MHz. The other is 
a dual-output phase comparator. By 
adding just a few external components, a 
complete PLL can be formed. (For more 
information on the 4046, see the man- 
ufacturer's data sheet.) 

Without an input signal, the output of 
the Schmitt trigger will be low, and there- 
fore pin 13 of IC4-a, a 4016 analog switch, 
will also be low. That means that the ana- 
log switch will be off, and pin 13 (pll 
comparator-output 2) of the 4046 will 
be disconnected from pin 9, the input to 
the VCO. The voltage present on the 
lowpass filter capacitor (C5), together 
with the RC timing components (C3 and 
R5), will determine the frequency of the 
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FIG. 3— THE OFF-BOARD COMPONENTS should be connected to the PC board via wires. 






FIG. 4— THE FINISHED PC-BOARD is shown here. Note the use of PC-mounted trimmers in this 
version. 



VCO. The voltage across C5 will not dis- 
sipate for a long period of time, because of 
the very high input impedance at pin 9 of 
the 4046, and the low- leakage charac- 
teristic of that 0.1 -u.F polyester capacitor. 
That, in turn, means that the output fre- 
quency of the VCO at pin 4 will remain 
stable for a long period of time. 

Now let us look at what happens when 
ah input signal is present. Pins 13 of the 
analog switch and 12 of the PLL will go 
high. The analog switch is then on, and 
the phase-comparator output of the PLL 
(IC2, pin 13) will be connected to the 
VCO (IC2, pin 9) via the lowpass filter 
(R9, RIO, and C5). Provided that the input 
signal continues at a fixed frequency for a 



short period of time, the PLL will lock in 
and follow any frequency variations. For 
the most part, in that locked state, the 
phase pulse output (pin 1) will be high 
(there will, however, be some narrow 
negative-going pulses). 

With pin 1 of the 4046 high, D3 will be 
forward-biased via R8, so C6 will charge. 
The voltage across the capacitor is applied 
to the base of Ql , which acts as a voltage 
follower/ buffer. That transistor is half of 
the VCA output stage, the other section 
being another 4016 analog switch (IC4- 
b). The control gate (pin 5) of IC4-b is 
connected directly to the output of the 
VCO (pin 4 of IC2), or indirectly via the 
4013 (a dual D flip-flop), depending on the 
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PARTS LIST 



Resistors 

All resistors are Vt-watt, 5%. unless other- 
wise noted. 

R1, R19, R21, R36— 1000 ohms 
R2, R3. R8, fit 8, R26, R37— ■ WOO ohms 
R4, R6, R9-R11, R15, R17, R22, R23, 
R27, R28, R33, R34, R39— 100.000 
ohms 
R5, R13, R24— 47.000 ohms 
R7, R16, R29, R30— 1 megohm 
R12, R14, R25, R31, R32— 10,000 ohms 
R35, R36— M megohms 
R40, R44— 1 megohm, potentiometer, lin- 
ear taper 
R41, R42, R45— 10,000 ohms, potentiom- 
eter, audio taper 
R43— 100,000 ohms, potentiometer, lin- 
ear taper 
Capacitors 

C1, C7, C11— 0.47 u.F, 10 volts tantalum 
C2— 100 u.F, 16 volts, electrolytic 
C3, C10 — 0.01 u.F. ceramic disc 
C4, C8— 120 pF, ceramic disc 
C5, C12— 0.1 u.F, polyester 
C6. C9, C13, C14— 2.2 u-F, 16 volts, elec- 
trolytic 
C-15-^470 u.F, 16 volts, electrolytic 
Semiconductors 
IC1 — LM324 quad op-amp 
IC2, IC3— 4046 CMOS PLL 
IC4 — 4016 quad analog switch 
IC5-4013 dual D flip-flop 
Q1, Q2— ECG123AP NPN transistor 
D1-D4 — 1N4148 silicon diodes 
Other Components 
S1 , S2— -DP3T miniature slide switch 
S3-S5— DPDT miniature slide switch 
J1 — miniature phone jack 
J2. J3 — phono jack 
B1— 9-volt battery 

Miscellaneous: PC board, case, knobs, 
battery snap, wire, etc. 
A kit of parts (Catalog Number K-2669) 
is available from Dick Smith Elec- 
tronics, PO Box 8021, Redwood City, 
CA 94063. The kit includes the PC 
board, but not the case, the battery or 
the jacks. The price Is $19.95. 



setting of SI . The square wave output from 
the VCO opens and closes the analog 
switch. It can be seen that that action 
directly gates the voltage available to the 
output terminal via the two current limit- 
ing resistors and the potentiometer. 

When the input signal disappears, pin I 
of the 4046 returns low. As described pre- 
viously, the VCO remains running at a 
frequency determined by the voltage on 
capacitor C5. The voltage across C6 then 
begins to discharge via the transistor fol- 
lower and the two resistors, R12 and R40. 
Those two resistors control the "decay" 
rate. If R40 is set to its maximum value (1 
megohm) the discharge time will be long 
(decay will occur slowly). As the dis- 
charge is taking place, the continuous 
output from the VCO switches the analog 
gate ICl-b on and off to "sink" the decay- 
ing voltage on the emitter of Ql via the 
load resistor (R18) at the VCO rate. 
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The frequency of the note reaching the 
output stage can be changed from that of 
the original. By using a flip-flop as a di- 
vide-by- two element, the output can be 
halved or doubled depending on where it 
is coupled into the circuit. With the oc- 
tave-select switch (SI) in the center posi- 
tion (f), the output frequency will be 
identical to to input. When the f/2 position 
is selected, the 4013 (configured as a 
clocked flip-flop) divides the output from 
the VCO (IC2, pin 4) by two (lower oc- 
tave). In the if position, the flip-flop is 
connected between the output of the VCO 
and the comparator of the PLL. That re- 
st] its in a frequency that is twice that of the 
input (upper octave) at pin 4 of the VCO. 

So far we've only used three sections of 
the LM324 quad op-amp. The fourth sec- 
tion (ICl-d) is used as a tremolo gener- 
ator. The op-amp is configured as an asta- 
bk multivibrator to give a squarewave 
output. Potentiometer R43 is included to 
adjust the frequency (tremolo rate). The 
squarewave is then smoothed somewhat to 
give a more natural tremolo effect to the 
output note. That waveform is then ap- 
plied to the VCO (at pin 12, IC2) via a 
selector switch and a 4.7 megohm re- 
sistor. 
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ONCE COMPLETED, the circuit should be In- 
Stalled in a case. 



Optional inputs 

The VCA of either channel can be trig- 
gered from an external source. A positive 
pulse input viaD2 to the VCA will charge 
C6. If that input is held high, the output 
from the VCA will also remain high. If 
the input is a pulse from a sequencer or 
even a simple switch, the output from the 
VCA can be triggered without the need 
for an audio signal at the microphone in- 
put. That could be used with rhythm gen- 
erators, etc., to create different effects. 
The frequency of the VCO can still be 
changed by using the microphone input. 
If you require that the input signal from 
the microphone-amplifier stage not trig- 
ger the VCA, create an open circuit by 
removing D3 from the board. (The foil 
pattern for the project is provided in our 
"PC Service" department; the parts - 
placement diagrams are shown in Figs. 2 
and 3.) 

By disconnecting the input stage from 
the VCO, the PLL can be used separately 
by providing an external input signal . Iso- 
lation is performed by cutting the PC 



board trace between the pads marked with 
an asterisk in Fig. 2. The input is applied 
via Dl. That input should be a square- 
wave. The peak-to-peak voltage of the in- 
put should not greater than the circuit's 
supply voltage, and should not be less 
than 757c of the supply voltage. If the 
input stage is disconnected from the PLL 
in the manner described, the circuit could 
be used to modify the output of an elec- 
tronically amplified instrument or a sound 
generator (provided that the input signal 
meets the requirements of the 4046). For 
example, the output from a simple mono- 
phonic organ can be used to create more 
interesting tones and sound effects. The 
decay control could be used to vary the 
note shape, and the octave switch can 
change the note frequency. 

To reconnect the PLL to the micro- 
phone input stage, the link destroyed 
when the PC trace was cut must be re- 
stored. That is done by installing a jumper 
between the pads marked with an asterisk 
in Fig. 2; for convenience, that jumper 
could be replaced by a switch. 

Assembly 

Assembly is very straightforward if you 
follow Figs. 2 and 3. Start by mounting all 
of the low-profile components on the 
board. Those include the resistors, di- 
odes, and the jumper. Next, install the 
capacitors. Be sure to observe the polarity 
of the electrolytics. After that, install the 
IC's and transistors, taking care to ob- 
serve the proper orientation. Finally hook 
up the switches, potentiometers, and 
other off-board components. Note that the 
board has been designed to accept PC- 
mount potentiometers, but you can use 
pane I -mount potentiometers and connect 
them to the board with wire. 

To test the system you will need to use 
an audio amplifier of some type. Feed the 
output of the synthesizer to the amp, plug 
in the microphone and battery, and turn 
the unit on. Whistle a few times close to, 
but not directly into the microphone. Turn 

Up the MICROPHONE INPUT LEVEL SET 

control until some response is heard from 
the outputs. Set the volume controls of 
both channels to an appropriate level. 
Vary the pitch (frequency) of your whis- 
tle; the output should vary in kind. 

Next, try varying the decay controls, 
With the controls set to maximum, you 
will hear the outputs change in frequency 
as the note of your whistle changes. Notes 
that are wide apart in frequency will take a 
little longer to lock. Now try changing the 
setting of the octave select switches. 
Also try out the tremolo rate control; be 
sure that the tremolo section is switched 
into the circuit when you do that. 

If all is working, the completed board 
(see Fig. 4) can be mounted in a case to 
complete assembly. If you detect any 
problems, go over your work carefully to 
find the cause of the problem. 




THE UPPER TRACE is a 3-kHz Input signal from 
a signal generator. The bottom one Is the output 
that results. 

(Pholo courtesy at Teklronix) 



Operation 

Connect the microphone and switch the 
unit on. Now slowly whistle a tune a short 
distance from the mouthpiece. Do not 
blow directly into the microphone. Best 
results are obtained with the microphone 
at the side of your mouth so that any air 
currents do not hit it directly. 

Turn the input-level control up until you 
get a reliable response from the unit every 
time a note is whistled at the same vol- 
ume. Turn the output-volume controls to a 
suitable level to avoid feedback. The 
whistled note should be a short, clean 
burst. Try changing the decay controls so 
that the generated sound varies from a 
short staccato to a long, slowly-decreas- 
ing tone. 

Note that the synthesizer is sensitive to 
all sound. Thus, when the microphone 
picks up the output sound of the amplifier, 
feedback occurs and the system locks up 
in an uncontrolled state. To avoid that, 
you must keep the microphone away from 
the speaker system. 

When you find a suitable input level, try 
the other functions. By changing the oc- 
tave select switches, the output fre- 
quency can be set to be the same as the 
input, or one half of the input, or twice the 
input. By adding tremolo to one or both 
channels, interesting tonal effects can be 
achieved. 

Try singing or humming into the micro- 
phone as the sound source. The system 
will respond best to pure, clean notes. 
Rough voices will not be reliable. 

By striking different shaped objects 
next to the microphone, the system will 
tend to pick up the fundamental resonance 
of the object and produce an equivalent 
note. 

Musical instruments can also be used 
as the sound source. A simple recorder, 
for instance, can produce many and varied 
sounds. Other instruments, such as a 
guitar, can produce different notes and 
sounds. The combinations are endless. 

To give greater versatility to the unit, 
channel one can be controlled from exter- 
nal sources as described above. With a 
little practice, this mini synthesizer can 
make you a "one-man band." R-E 
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Repairing 
Compact Disc Players 

Compact disc players are the most exciting development in audio in years. 
In this article we'll show you how those devices work, and how you can 
repair them when something goes wrong. 



Part 4 



LAST TIME, WE BEGAN 

to look at how to adjust 
CD players. The first adjustment we talk- 
ed about was the laser output adjustment. 
Unfortunately, we ran out of room before 
we could finish that topic, so let's do that 
now and then move on to the rest of the 
CD player adjustments. 

The simplest way to check laser-diode 
drive current is to measure the voltage 
across a resistor in series with the diode, 
such as R623 in Fig. 20-a, and then calcu- 
late the drive current. For example, if the 
recommended laser diode current is 40 to 
70 mA, and the series resistance is 22 
ohms, the voltage should be between 0.88 
and 1.54. That check can be done before 



you adjust the laser diode, and must he 
done after adjustment. 

Some literature recommends monitor- 
ing the laser with a light meter. However, 
it is more practical (and much easier) to 
adjust the laser diode output until you get 
an efm (£ight-to-Fourteen Modulation) 
signal of correct amplitude, as we discuss 
next. Before you make the adjustment, set 
R629 to minimum, and then increase the 
setting as required. Also, note that the 
chuck or chu switch (S3) must be in the 
closed (tray in) position before power is 
applied loQ601 and the laser. (That elimi- 
nates the need for separate interlocks.) Of 
course, you will probably find it neces- 
sary to override that interlock (close S3 



manually) during adjustment and trou- 
bleshooting. 

First, connect the oscilloscope as 
shown in Fig. 20-a. That allows you to 
monitor the efm signal (after the pho- 
todetector output is preamplified by 
IC601). As discussed, the efm signal (at 
that test point) is applied to the tracking, 
focus, and pickup motor servos, as well as 
to the signal processing circuits. 

Next, load a disc in the player and select 
the play mode. The efm signal should 
appear on the scope, and produce a wave- 
form similar to that shown in Fig 20-b. 
Finally, adjust R629 until the efm signal 
level is 700 mV (or as specified in the 
manual, typically 550 to 950 mV). 
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fig. 20— THE SIMPLEST WAY to check laser diode drive Is to measure the voltage across a resistor In 
series with the diode, such as R623. 
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FIG. 21— WHEN THE slide-motor offset adjustment has been completed, be sure to remove the 
temporary ground. 
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Slide-motor offset 

The slide-motor offset adjustment sets 
the point where the pickup accesses the 
beginning of the disc (the disc directory). 
If the adjustment is not correct, the pro- 
gram information may not be read prop- 
erly. Note that that adjustment controls 
the pickup motor servo, and is not to be 
confused with the inner-limit micro- 
switch, although the two adjustments are 
interrelated. However, if the micros witch 
is properly set, you should have no trouble 
in setting the pickup servo offset, as fol- 
lows. 

First connect a DC voltmeter as shown 
in Fig. 21. That allows you to monitor the 



motor gain output from IC101. 

Next, load a disc in the player and select 
the play mode. While the disc is playing, 
ground IC301, pin 11 as shown in Fig. 21 
to simulate a low tsw signal. (If the tsw 
line is high, IC301 shuts the system 
down.) Finally, set the player to stop. 
After about 10 seconds, measure the DC 
level at TP15 and adjust R107 so that the 
reading is OV (±50 mV). Adjust R107 in 
small increments and wait for the voltage 
level to stabilize before proceeding. 

Tracking-servo offset 

Figure 22 is the tracking-servo offset 
adjustment diagram. Here, we are adjust- 



ing the optical pickup (through the servo 
and tracking actuator coil) so that the laser 
beam is properly centered on the tracks, 
producing maximum efm. The bfm signal 
is monitored via an oscilloscope con- 
nected to TP13. Note that R603 sets the 
offset of the two tracking diodes, but not 
the four remaining focus/signal diodes. 

As before, begin by loading a disc in 
the player and selecting the play mode. 
Then adjust R603 until the efm is of max- 
imum amplitude. That indicates that the 
laser is properly centered on the tracks. 
On some players, the display may become 
erratic and the audio will mute after that 
adjustment is made. If so, set the player to 
stop and then go back to play. That 
should eliminate the erratic display. 

Focus servo offset adjustment 

Here, you are again monitoring the efm 
signal, but you are now adjusting the op- 
tical pickup (through the servo and focus 
actuator coil) so that the laser beam is 
properly focused on the tracks. Connect 
an oscilloscope to TP13 (see Fig. 23} and 
adjust for the maximum efm signal. Note 
that Rl 16 sets the offset of the four focus/ 
signal diodes, but not the two remaining 
tracking diodes. 

The first step is to load a disc in the 
player and select the play mode. The efm 
waveform should appear on a scope con- 
nected to TP13. 

Next, adjust Rl 16 for the maximum 
efm signal (that indicates that the optical 
pickup is focused on the tracks). Again, if 
the display becomes erratic after this ad- 
justment, stop and restart the player. 

Disc motor Hall gain balance 

The adjustment diagram is shown in 
Fig 24. In that set up, one channel of a 
dual-channel scope is connected to TP18, 
while the other is connected toTP17. That 
allows you to simultaneously monitor the 
drive signals to both coils (A and B) of the 
disc motor (from the motor drive, IC201). 

Start by loading a disc in the player and 
selecting the play mode. Adjust R201 so 
that the output levels at TP1 8 (dmca) and 
TP17 (dmcb) are equal. Usually, dmca 
and dmcb are about 2 volts (p-p). 

Sample-and-hold offset adjustment 

The adjustment diagram is shown in 
Fig. 25. Note that this adjustment is not 
available on all players. Also the circuits 
shown in Fig. 25 are not to be confused 
with the sample-and-hold audio circuits. 
The S/H circuits we are dealing with here 
are part of the pickup servo, IC101, and 
control the tracking error or ter signals. 

To perform this test, we must create a 
simulated defect on a disc. The disc is 
then played and R103 adjusted for mini- 
mum audio dropout. The simulated defect 
is created by placing a strip of black (non- 
reflective) tape, about 0.5-mm wide, on 
the mirror side of the disc. 
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FIG . 22— WH E N TH E tra c king-servo off set a dj u stm ent has been pe rf o rm ed co rrectty, the I aser bea m I s 
properly centered on the disc tracks and the efm signal Is at a maximum. The efm signal can be 
monitored on an oscilloscope connected to TP13. 



scope ( via TP 1 3), looking at the amount of 
audio dropout, is generally more accu- 
rate. Incidently, do not turn the volume up 
with a simulated defect. The noise is un- 
bearable ! 

If you monitor the efm on a scope, note 
that with such a defect, a portion of the 
EFM display will be cut out (typically a 
notch or wedge, starting from the top), no 
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FIG. 23— CONNECT AN OSCILLOSCOPE to 
TP13 and adjust R116 for maximum efm signal. 
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F1Q. 24— ADJUST R201 so that the levels of the 
drive signals to the two colls are equal (about 2- 
volts p-p). 

You can make this adjustment by ear. 
The simulated defect produces a chatter- 
ing or ticking in the audio. You simply 
adjust R103 for minimum noise. Of 
course, monitoring the efm signal with a 



FIG. 25 — HERE, you are adjusting the sample- 
and-hoid circuits contained within IC101. not the 
audio sample-and-hold circuits. 

matter how you set R103 . However, you 
should be able to eliminate all (or most) of 
the audio dropout, as indicated by a cutout 
at the bottom of the efm display. If you get 
considerable dropout at all R103 settings, 
IC101 may be defective. 

Troubleshooting CD players 

As with adjustments, troubleshooting 
procedures found in CD player manuals 
are limited at best. They give you the usual 
"troubleshooting tree" with some test 
points to check, but no hint as to what 
other components are involved. With the 
following material, we will attempt to 
provide you with that important informa- 
tion. 

The following sections are a collection 
of trouble symptoms that match the trou- 



bleshooting-tree found in the service 
manual for a typical CD player. After se- 
lecting the symptom that matches that of 
the player you are servicing, follow the 
steps in the corresponding troubleshoot- 
ing procedures. 

Preliminary checks 

It is always a good idea to make a few 
preliminary checks before you tear into 
the player. Here are some examples. 

The transit or shipping screw must be 
removed or loosened before the player can 
operate normally. Be sure that that has 
been done. 

Cleaning the objective lens should be a 
routine part of servicing. A dirty objective 
lens can cause a variety of symptoms (in- 
termittent or poor focus, skipping across 
the disc, erratic play, and excessive drop- 
outs, to name a few). Also, those same 
symptoms can be caused by a defective 
disc. Try a known good disc before start- 
ing service. 

Do not replace the pickup assembly, or 
make any adjustments on the pickup, be- 
fore checking for mechanical problems 
that can affect the pickup. For example, 
look for binding at any point in the pick- 
up's travel (indicating that the rails or 
guides are adjusted too tight.) On the 
other hand, if you hear a mechanical 
"chattering" when the pickup is moved, 
the rails may be too loose. 

It is assumed that if you have such ob- 
vious symptoms as "none of the front- 
panel LED's light when the power switch 
is pressed" you will check the fuses (right 
after you have checked that the power cord 
is plugged in). It is also assumed that you 
will check for bad solder connections, 
broken foil traces, loose or unseated 
boards, and the like (cleaning the module 
and board contacts with a pencil eraser, as 
necessary). Finally, you should check the 
various power supply voltages if entire 
sections (or functions) appear to be in- 
operative. That means that you must lo- 
cate the power-supply circuits on the 
schematic and/or block diagram, and 
measure the voltages. (If you can not do 
that, you should not even attempt to ser- 
vice a CD player yourself!) 

Now, let's go on to the symptoms, and 
their cures! 

1. Tray does not open or close prop- 
erly. Figure 26 is the troubleshooting di- 
agram. If the tray will not open or close, 
first check that the system micro- 
processor, IC301, is getting signals from 
the front-panel open/close switch, S318. 
If not, suspect S3 18 and/or the wiring 
between S3 18 and IC301. Next, check 
that the loading motor receives a signal 
from pin 12 of IC102 when S318 is 
pressed. If so, suspect the motor; if not, 
you have a problem between IC301 and 
the motor (through IC102). 

Next check for signals at pins 10 and 1 1 
of IC102 each time S318 is pressed, and 
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that the signals invert (pin ]0 high and 1 1 
low, then vice versa). Check for corre- 
sponding inverted signals at pins 33 
(open) and 34 (close) of IC301. If ab- 
sent, or if the signal does not invert when 
S318 is pressed, suspect IC301. 

If the tray opens, but not fully, check 
the point were S02 (lido) actuates, as 
indicated by a low- to- high change at pin 
48 of IC301. If necessary, adjust S02. 
First check for any condition that might 
prevent the tray from opening fully. 

If the tray opens fully, but the loading 
motor does not stop, the problem is almost 
always an improperly adjusted S02, al- 
though IC301 could be at fault. 

If the tray closes, but not fully, and the 
clamp or chuck does not hold the disc in 
place on the turntable, check the point 
were the chu switch, S03, actuates, as 
indicated by a high-to-low change at pin 
47 of IC301. If necessary, adjust S03. 
First check for mechanical problems. 
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FIG. 26 — IF THE TRAY does not open or close 
properly, use this diagram to help pinpoint the 
cause. 

If the tray closes, and the clamp or 
chuck goes fully down, but the loading 
motor does not stop, the problem is likely 
an improperly adjusted S03, but the prob- 
lem could be IC301. Look for a high-to- 
low change at pin 47 of IC301, which 
should occur when the tray is fully in, and 
the clamp is down on the disc, 

2. Laser-diode problems. Figure 27 is 
the troubleshooting diagram. CD player 
operation depends on the laser producing 
a beam of the correct level. If the beam is 
absent, there is no efm signal. If the beam 
is weak, the efm signal is weak. If the 
monitor diode does not monitor the laser 
diode properly, the beam can shift to an 
incorrect level (high or low), without that 
event being sensed by the laser-drive cir- 
<o cuits. Any of those conditions can cause 
^ improper tracking which, in turn, can pro- 

O 

cr. 



duce an even weaker efm. 
So, if you have symptoms with no ap- 
[jj parent cause, such as improper tracking 
jjj that can not be corrected by adjustment, 
O excessive audio dropout with a known 
g good disc , etc . , suspect the laser circuits . 
dc If the laser diode appears to be in- 
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FIG, 28 — IF THE PICKUP does not move to the inner limit when power is first applied, this troubles hoot- 
ing diagram can help pin down the cause. 



operative, check if Q601 is getting +5 
volts through S03 (chu). If not, suspect 
S03 (or the adjustment of S03). When S03 
is in the open position, +5 volts is ap- 
plied to pin 47 of IC301 to show that the 
tray is open and/or the clamp is not fully 
down. That disables a number of IC301 
system control functions including lasw. 
When the clamp is fully down, S03 moves 
to the closed position, and the laser diode 
receives power through Q601 . 

If power is applied to the laser diode, 
look for an lasw signal (indicated by a 
low) at pin 51 of IC301 (TP14). If that 
signal is absent (pin 51 of 1C304 is high), 
suspect IC301 . If present, check for a sig- 
nal at IC604 from the monitor diode. If 
abnormal, suspect the monitor diode and/ 
or R629. 

If signals are present at both pins 5 and 
6 of IC604, look for drive signal at pin 7 of 
IC6Q4, and the base of Q601. If absent, 
suspect IC604. If present, suspect Q60I . 

3, Pickup does not move to inner lim- 
it when power is applied; disc directory 
is not read properly. Figure 28 is the 
troubleshooting diagram. When power is 
first applied, the pickup moves to the in- 
ner limit. The system microprocessor ap- 
plies a temporary slr (reverse) signal to 
the pickup servo. In Fig. 28, a reset signal 
is generated by the circuit made up of 
Q103, Q104, Q301; it is applied to pin 24 
of IC301 . That produces a temporary slr 
signal at pin 60 of 1C30 1 , which is applied 
to the motor through ICI01, IC604, and 
IC102. That signal causes the pickup to 
move inward until the inner-limit lmsw 
switch, SOi, is actuated. 



If the pickup appears to move to the 
inner limit when power is applied, but the 
disc directory is not read properly (for 
instance, the total playing time, or 
number of programs on the disc is not 
given on the front-panel display), try cor- 
recting the problem by adjusting the 
motor offset (as described earlier) before 
ripping into the motor servo circuits. 

If the pickup does not move when 
power is first applied (you may not be able 
to see the pickup, but you should hear the 
motor) check for slr at pin 60 of IC301 . If 
absent, suspect IC301, or Q301 and the 
reset circuit. If you get slr, but the motor 
does not run, suspect ICIOI , IC604, 
IC102, and the motor itself. Also check 
for motor drive voltage at the output of 
IC102 and at the motor. If the motor runs, 
but the pickup does not move, look for 
mechanical problems. 

If the pickup moves, but does not reach 
the inner limit, check when SOI actuates, 
as indicated by a high-to-low change at 
pin 46 of IC301. If necessary, adjust SOI. 
Before adjusting SOI, check adjustment 
of the pickup servo offset. If the offset can 
be adjusted so that the pickup accesses the 
disc properly, SOI is probably adjusted 
correctly. Generally, SOI does not go out 
of adjustment. 

If the pickup reaches the inner limit, 
but the motor does not stop, the problem is 
almost always one of an improperly ad- 
justed lmsw switch (unless IC301 is de- 
fective). 

That's all we have room for now, Next 
time, we'll finish up the troubleshooting 
procedures, and this article. R-E 
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It's easier than you think to control motors, 
relays, and lightbulbs with digital IC'sl 
Learn how here. 



WITH A LITTLE BACKGROUND [N DIGITAL 

logic, almost anyone can can string to- 
gether a bunch of logic gates and get a 
circuit that works. But not everyone can 
design a circuit that works efficiently and 
reliably — especially one that requires an 
interface between digital IC's and non- 
digital devices like motors, relays, light- 
bulbs, etc. 

It is easy to design one- and two-tran- 
sistor circuits that allow your digital cir- 
cuits to control devices like those; in this 
article we'll show you just how easy it is. 
If you follow our techniques, your proj- 
ects that use transistor switches will func- 
tion much better, and that will allow you 
to take an extra measure of pride in those 
projects. 

The interface problem 

Interfacing digital IC's of one particular 
family (TTL, CMOS, etc.) to one another 
is such a standard procedure that consid- 
eration of logic alone — apart from any 
consideration of circuitry — is often suffi- 
cient to complete a design. The only elec- 
tronic design involved comes in calculat- 
ing the value of the pull-up resistors that 
are necessary to keep logic inputs in a 
well-defined state. 

Problems arise when a digital IC must 
control a device that is incompatible with 
the vollage or current ratings of that IC. 
One way to solve that problem is to use a 



discrete transistor or two to link the IC to 
the incompatible component. Often we 
simply "lift" a standard circuit from a 
databook and use it as-is in our design. 
And why not do that? Most of the time, 
the technique works. Our lamp lights, or 
o ur b uzzer buzzes , or our re lay ene rgize s , 
so we're satisfied. 

However, by "designing" in such a 
manner, we'd be lucky if our interface 
really functioned optimally. For example, 
an incorrectly- biased' switching transistor 
might itself draw more current than the 
rest of a CMOS circuit. An additional ten 
mi Hi amps of current drain from a complex 
TTL circuit might be insignificant, but 
such a current drain in a battery-powered 
CMOS device could rapidly deplete a 
small battery. In addition, op-amps and 
comparators — with their bipolar (positive 
and negative) outputs — impose special 
design requirements when used with dis- 
crete transistor switches. 

What we must do, then, is spend a little 
time designing (really designing, that is), 
and then optimizing a transistor switching 
circuit. Such design is actually quite sim- 
ple: We need only a few data sheets, paper 
and pencil. The little arithmetic we need 
to do hardly requires a calculator. A 
breadboard, a few inexpensive compo- 
nents, and a multimeter are all you need to 
design, test, and optimize the circuits pre- 
sented below. 




Transistor basics 

Before we get into the details of switch- 
ing-circuit design, let's review fundamen- 
tal transistor operation. The base of a 
transistor is used to control the current 
flowing through its emitter and collector. 
If we block current flow to the transistor's 
base, collector current will cease. When 
that happens, we say the device is in cut- 
off- 

On the other hand, as we supply more 
and more current to the base of a tran- 
sistor, its collector current increases at a 
corresponding rate. Eventually we reach a 
point where additional base current 
causes no corresponding increase in col- 
lector current. At that point we say that the 
transistor is in saturation. Between cutoff 
and saturation is the linear operating re- 
gion. 

Circuits using transistors as small-sig- 
nal amplifiers often try to avoid operating 
in either cutoff or saturation, although 
some designs do utilize one or the other 
extreme (Class-C RF amplifiers, for ex- 
ample). By contrast, transistors used as 
switches attempt to avoid operating in the 
linear region. We try to switch a transistor 
from cutoff to saturation, and from satura- 
tion to cutoff, instantaneously. Of course, 
that is impossible, but if we make the 
transition period short enough, it will ap- 
pear to be instantaneous. Overdriving a 
transistor — that is, forcing it "hard" into 
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saturation — can adversely affect switch- 
ing speed by increasing junction capaci- 
tance, so we must be careful not to apply 
too much base current to a switching tran- 
sistor. 

Calculating just the right amount of 
base current comprises the bulk of the 
work in switching-transistor circuit de- 
sign. Let's see how to do that now. 

Single-transistor switch 

We often make the base current a func- 
tion of an applied voltage. In Fig. 1-a, 
resistor R B is wired in series with tran- 
sistor QFs base. As shown in the upper 
trace of Fig. 1-fr, when an appropriate 
voltage (V ]N ) is applied to R B , Ql will 
turn on. At that point, as shown in the 
middle trace, collector current becomes 
appreciable, and collector voltage drops 
to (almost) zero, as shown in the bottom 
trace. 




FIG. 1— THE VALUE OF THE BASE RESISTOR In 
this switching circuit depends on the value of l c 
and the gain of the transistor. 



We can use Ohm's law to calculate the 
value of the base resistor: R B = V B /I B . 
Assuming we're working with a standard 
logic family, we'll know V B : the output 
voltage of the IC driving our switch. For 
example, standard TTL IC's have an out- 
put of about 2.4 volts DC. In order to 
calculate the value of I B , we need to know 
the amount of current (I c ) our load (R L ) 
requires. We can determine that current 
easily using standard data books, or by 
"guesstimate," if necessary, and refine 
our calculated value on the breadboard 
later. Catalogues often give the current 
ratings of lamps, buzzers, and other de- 
vices. Relays (and other components) 
may be given only a resistance rating, but, 
by using Ohm's law, we can easily calcu- 
late the load current. So, half the battle is 
won without a struggle. 

We also need the current gain, A FE , of 





TABLE 1— COMMON SWITCHING TRANSISTORS 




Number 


Type 


Vc(MflX) 


'C(MAX) 


Hfe <(> l c 


2N2219 


NPN 


40 


500 


30 (500) 


2N2222 


NPN 


40 


500 


30 (500) 


2N2907 


PNP 


60 


500 


35 (500) 


2N3638 


PNP 


25 


500 


20 (300) 


2N3702 


PNP 


40 


500 


60 (300) 


2N3704 


NPN 


30 


100 


100 (50) 


2N3904 


NPN 


40 


100 


30 (100) 


2N39Q6 


PNP 


40 


100 


30(100) 


2N44Q0 


NPN 


40 


100 


20 (500) 


2N4402 


PNP 


40 


500 


20 (500) 


2N5400 


PNP 


130 


100 


40 (50) 



the transistor we'll be using; ftm may usu- 
ally be obtained from a data book. The 
gain of commonly-available transistors 
may range anywhere from twenty to two 
hundred. If you don't know the gain of the 
transistor you'll be using, or if you use 
surplus or unmarked transistors, assume 
that /i FE for high-power devices is twenty, 
and that, for low-power devices, it is forty. 
Don't worry about being exact; using 
those values will allow you to get started, 
and we can optimize resistor values on the 
breadboard. And since gain ratings are 
often listed as "typical" or "minimum," 
we'll probably have to experiment a little 
anyway. 

As long as we've got the data book 
open, let's check one other rating to en- 
sure that the transistor we're using will be 
able to do the job. The maximum collec- 
tor- to -emitter voltage {V CEO ) of the tran- 
sistor is important, because, when it is in 
cutoff (that is, when no current is flowing 
through the load), the full supply voltage 
will appear across the collector and the 
emitter. A common rule of thumb is that a 
transistor should be able to withstand at 
least twice the maximum voltage that will 
appear across it. In most CMOS and op- 
amp circuits, the maximum supply volt- 
age will be fifteen volts. It's easy to find 
thirty-volt transistors, and they'll handle 
five- volt TTL devices with ease. 

Assuming the transistor meets our 
load's voltage and current requirements, 
we can use ft F( : to calculate the base cur- 
rent that we need to turn the transistor on. 
As you recall, base and collector currents 
are related by /i FE : I B = I c //i FE - We then 
plug I B inio our previous equation and 
calculate R B , To account for variations 
among transistors, add about twenty per- 
cent to the base current before calculating 
the value of the base resistor. (Or simply 
increase the calculated value of R B by 
twenty percent.) Now we're just about 
ready for the breadboard. 

However, there's one other thing to 
check. We must ensure that the (digital or 
other) device driving our switching circuit 
can safely supply the calculated base cur- 
rent. Safety is not really a question of 
burning out the driving IC; rather, we 
want to ensure that we don't force that IC 



to operate unreliably. TTL IC's (and some 
special IC's like the ubiquitous 555) can 
usually supply all the current necessary. 
Regular TTL IC's can supply sixteen mA; 
low-power TTL IC's can supply twenty 
mA; and low-power Schottky IC's can 
supply eight mA. You should treai those 
values conservatively, but for many ap- 
plications, there will be more than enough 
current to drive a simple switch like the 
one we're discussing. 

On the other hand, CMOS IC's and op- 
amps are voltage -operated devices; they 
are able to supply very little current. The 
amount of current CMOS devices can de- 
liver varies with supply voltage; it ranges 
from about one mA at five volts, to four 
mA at ten volts. Likewise, op-amps can 
supply only a milliamp or two. If more 
current is required, a somewhat more 
complicated circuit must be used. But 
more on that in a minute. For now, let's 
take a look at some real- world transistors 
and their ratings. 

Transistor ratings 

To help you choose an appropriate 
switching transistor, in Table 1 we list 
maximum voltage and current ratings for 
several common devices, along with typ- 
ical current gains at specific collector cur- 
rents. Manufacturers' data books will 
contain more specific information, but the 
information in the Table should be enough 
to get you started. In general, almost any 
transistor that can withstand the required 
voltage and current can be pressed into 
switching service, but it is wasteful to use 
a one- or two-dollar transistor when a ten- 
or twenty-cent device will suffice. 

The circuit shown in Fig. 1 is useful 
when you need to control a device with 
modest voltage and current requirements, 
when the driving circuit cart supply 
enough current to reliably turn the switch- 
ing device on and off, and when you are 
working with a positive supply voltage. If 
you were working with a negative supply, 
all you would need to do in order to make 
that circuit functional would be to sub- 
stitute an appropriate PNP transistor for 
QL 

In that case, the base-voltage trace in 
Fig. \-b would be inverted. For example, 
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V B would normally be "high" (zero 
volts); to turn on the transistor (and there- 
by the load), a negative voltage would be 
applied to the base. The collector- voltage 
trace would normally be low: it would go 
high when the transistor were turned on. 
The collector-current diagram would not 
change, as it indicates the magnitude, not 
the direction of current flow. 

Formostoftheremainderofthisarticle 
we will discuss circuits with positive sup- 
ply voltages, so, if you are designing with 
a negative supply, just substitute tran- 
sistors of the opposite type for those 
shown. 




FIG. 2— THIS INVERTED-POLARITY switching 
circuit applies current to the load when V IH is 
low. But see the text for precautions on use of 
this circuit. 



Polarity inversion 

Sometimes wc want a low from the 
controlling device to enable current flow, 
and a high to disable it. The circuit shown 
in Fig. 2-fl will do just that. As the traces 
in Fig. 2-b reveal, when the base voltage 
goes high, collector current ceases, and 
collector voltage drops to zero. There is 
one precaution to observe when using that 
circuit: Make sure that the signal driving 
the switch goes high enough to cut it com- 
pletely off. Op-amps and some logic de- 
vices may have outputs as much as twenty 
percent below the supply voltage. That 
may allow the switch to remain on con- 
stantly, as V BE will not go below the 0.7 
volt difference necessary to place the tran- 
sistor in cut-off. Only a breadboard test 
will tell for sure. 

Two-transistor switches 

Sometimes a single transistor switch 
just won't meet our design requirements. 
For example, suppose that the current re- 
quired by the load exceeds the current that 
our single-transistor switch can supply. 
Or perhaps we need to switch a high volt- 
age — or even one of the opposite polarity. 




FIG. 3— THIS TWO-TRANSISTOR CiRCUIT can 
switch heavier loads than the previous circuits. 

Perhaps we want to invert the driving sig- 
nal, and the circuit of Fig. 2-a is just not 
reliable enough. The solution is to add a 
second transistor as a kind of "buffer" or 
"*pre-arnplifier" for the main switch. 
There are several ways of doing that. 

The circuit shown in Fig. 3-a is an in- 
verting controller. A high at V, N turns Ql 
on and Q2 off, and thereby prevents cur- 
rent from reaching the load, R L . The volt- 
age and current traces in Fig. 3-/; illustrate 
how that works. When Ql turns on, its 
collector goes low, and current flows 
through R c . However, R B2 is also brought 
low, so Q2 is cut off. Hence its collector 
goes high, and collector current stops 
flowing. 

To design such a circuit, we work back- 
ward from the load. After determining the 
voltage and current required by the load, 
we select a transistor for Q2 that can with- 
stand those values. We then determine 
Q2's required base current using the gain 
equation listed above. In our one-tran- 
sistor circuits, that current was supplied 
by the driving device; now it is supplied 
by Ql. The base resistor for Q2 is really 
the series combination of R c and R B ,. 
However, in applications where Ql onfy 
supplies current to Q2, R B2 may be omit- 
ted. The driving voltage, V B , is the supply 
voltage feeding R c . 

Note that R c determines the current 
that flows through Ql when it is on, and 
that is one place where many designers 



mistakenly allow too much current to 
flow. Unless you're dealing with very 
high-powered circuits, a few milliamps 
will suffice. And if we're using the circuit 
only to perform "inversion" (not to sup- 
ply high current or voltage), even less will 
suffice. The same formula may be used to 
calculate Ql's base current; using Ohm's 
law we can calculate the value of R m . 
Even with an additional twenty-percent of 
base current, our driving !C does not have 
to supply very much current. 




FIG. 4— THIS TWO-TRANSISTOR CIRCUIT can 
control heavy loads, but, like the circuit shown 
in Fig. 2, several precautions must be observed. 

The circuit shown in Fig. 4-a is an ex- 
tension of the one shown in Fig. 2, and it is 
subject to the same caution. In order for 
Q 1 to be cut off completely, the driving 
voltage must closely approach the supply 
voltage. However, the lighter load on the 
driving device provided by the revised cir- 
cuit may make that possible. As illus- 
trated i n Fig . A-b, when V 1N goes high , Q 1 
is cut off, so no current flows through its 
collector. The base of Q2 now goes low, so 
Q2 turns on. It's collector voltage goes 
high, and collector current flows. 

By combining an NPN with a PNP 
transistor, as shown in Fig. 5, we gain 
several advantages, including the sen- 
sitivity a two-transistor circuit can -n 
provide, and an output that follows the 53 
input — no inversion. The traces in Fig. j2 
5-b illustrate circuit operation. When V IN > 
goes high, Ql turns on. Its collector goes -t 
low as current flows through the device. S 
That drops Q2's base to ground, so that S 
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FIG. 5— POSSIBLY THE BEST all-round two- 
transistor switching circuit, this design does 
not Invert the control signal. 




FIG. 6— NEGATIVE VOLTAGES may be switched 
by this circuit, which is driven from a positive 
supply. 

transistor now turns on. Its collector goes 
high, and current flows through Q2 and 
the load. 

The two-transistor circuits shown in 
Fig. 4 and Fig. 5 have an additional advan- 
tage. In both cases, the loads are not con- 
nected directly to the supply line, but 
through the collector of the output tran- 
sistor. That could be useful if you wanted 
to control a single load with several dif- 
ferent switches. Connect the collectors of 
all the Q2 transistors together, make sure 
that there can never be more than one 
switch on simultaneously, and you're 
ready to go. That configuration is com- 



monly referred to as "wired-OR," since a 
logical or function is achieved simply by 
wiring outputs together. 

Switching negative voltages 

A circuit that switches negative volt- 
ages, but that operates from a positive 
supply, is shown in Fig. 6. It is useful for 
tasks ranging from switching keying- 
transmitter lines to providing negative re- 
trace voltages for oscilloscopes. The cir- 
cuit functions as follows. 

When Ql is off, its collector is high, 
and so, therefore, is Q2's base, so Q2 is 
cm off. To turn on Q2, its base must go 0.7 
volts more negative than its emitter. Di- 
odes Dl and D2 clamp the emitter at about 
+ L4 volts, so the base must fall below at 
least 0.7 volts in order for Q2 to turn on. 
That provides some insurance against ac- 
cidental turn -on due to leakage through 
Ql. In a real-life version of that circuit, 
R C2 would actually be part of the trans- 
mitter keying line. For heavier loads, an 
additional transistor could be used. 




FIG. 7— A DARLINGTON TRANSISTOR may be 
used to obtain high gain In a single package. 

Another way to switch moderate loads 
is with a Darlington device, such as that 
shown in Fig. 7. Connecting two tran- 
sistors in that fashion provides a simple 
way of attaining very high gain, so that 
low- power drivers — like CMOS IC's — 
can drive relatively heavy loads. The 
2N6576 and 2N6388 are typical NPN 
Darlingtons. To use a Darlington, just 
make sure that it can supply the required 
voltage and current, and then calculate the 
value of R B just as with the simple one- 
transistor switch of Fig. 1. 

There are many variations on the cir- 
cuits presented above that are used in spe- 
cial applications. But the heritage of most 
such circuits can be traced to one (or 
more) of those presented here. So, having 
mastered the basic theory, you should be 
able to understand just about any interface 
circuit you might encounter. And now that 
you've got the theory down, let's get out 
our breadboards and leam how to test and 
refine discrete transistor switching cir- 
cuits. 

Practical considerations 

What we'll do now is give step-by-step 
instructions on how to test and optimize 




FIG. 8— SWITCHING CIRCUIT OPTIMIZATION is 
simple with this set-up. The value of the driving 
voltage Is set with R1, and Ql's optimal base 
current is found by varying R3. 

several of the circuits we've already dis- 
cussed (those shown in Fig. 1 and Fig. 5). 
Once you understand the processes we 
describe, you should have no trouble 
adapting those circuits to the require- 
ments of the devices you are driving, 

A single-transistor switching-circuit 
test set-up is shown in Fig. 8. Switch SI 
may actually be a jumper, and R3 is a 
potentiometer with a value of 25K or 50K 
ohms; it is used to adjust the current fed to 
Ql. The voltage divider composed of Rl 
and R2 gives you a convenient means of 
simulating the voltage that will actually 
drive the circuit. The two terminals in 
Ql's collector circuit (connected by a 
dashed line in our figure) indicate that 
you'll need to provide some way of insert- 
ing an ammeter. The component desig- 
nated R L may be the actual device that will 
be switched, or a resistor that draws the 
same amount of current. 

Our design goal is to find the highest 
value for R B that provides reliable switch- 
ing. First calculate the base current that is 
required, according to the load current 
and the known (or assumed) gain of the 
transistor. If the driving source will be a 
lower voltage than the supply line, set the 
voltage that appears at the lower terminal 
of SI with Rl. Now follow these steps: 

1. With all components hooked up, and 
with +V CC applied, gradually increase 
the value of R3 until the collector current 
(I c ) begins to drop. Some switching tran- 
sistors have narrow linear ranges and may 
appear to drop out completely with only a 
small change in R3. 

2. Reduce R3 slightly, to ensure relia- 
ble switching, and test through several on- 
off operations. If the transistor appears to 
switch reliably, measure and record the 
value of R3. 

3. If the driving voltage may vary, per- 
form steps one and two twice: once with 
V B set for the upper, and once for the 
lower, limit of the anticipated driving volt- 
age . When using the R 1-R2 voltage divid- 
er, recheck the voltage as you approach 
the switching point, since it may vary a bit 
as 1 B changes. 
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4, Repeat steps one through three using 
two or three other transistors of the same 
type. 

5. Use the lowest value of R3 measured 
in all of the tests. That will be the highest 




FIG. 9— OPTIMIZING A 2-TRANSISTOR switch- 
ing circuit is simple with this circuit. The base 
current of 01 Is set by R B1 ; the dashed jumpers 
Indicate Important points for current measure- 
ments. 



reliable value for the circuit. Note the 
amount of current drawn from the supply 
for future reference. 

6. Before completing your design, con- 
nect the actual load and verify that the 
circuit operates reliably, and that current 
drain is within the limits of the transistor 
you use. 

Two-transistor optimization 

Optimizing the two-transistor switch- 
ing circuit shown in Fig. 9 is only a little 
more complicated. Again, the terminals 
joined by dashed lines will normally be 
connected (on your breadboard) by jum- 
pers; the terminals are there to facilitate 
making current measurements. Now let's 
see how to determine optimum compo- 
nent values. 

1. Calculate the base current needed to 
turn Q2 on, based on the actual (or calcu- 
lated) value of load current through R L . 

2. Calculate Q2's required base resistor 
using the formula R2 + R3 = V CC /I B2 . 
Note that R3 can be zero, but, in any 
event, make the value of R2 at least three 




FIG. 10— SWITCHING-SEQUENCE PROBLEMS occur with this motor direction -reversing circuit. As 
shown at b, 01 and Q2 could both be on at the same time, and that coutd result In destruction of both 
transistors. 
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FIG. 11— SWITCHING-SEQUENCE PROBLEMS ARE SOLVED with this motor direction-reversing cir- 
cuit. Here, Q2 and Q4 could never be on at the same time (barring circuit failure, that is}. 



FIG. 12— A FEW SAFEGUARDS MUST BE OB- 
SERVED when switching loads that are not 
purely resistive. 

times that of R3 in order to minimize the 
current flowing through Ql . 

3. Now you can calculate I CJ as V cc / 
R2. I Bi is I-ci^fe (°f Ql)- Therefore, 
Rl = V m /l B |. If the value of Rl is very 
high (greater than 50K), lower the value of 
R2 to a value that permits a collector cur- 
rent through Ql of at least one mA, and 
then recalculate all values. 

4. Now wire up the circuit using fixed 
resistors for R2, R3, and R L , but use a 
potentiometer for Rl. Check the circuit 
for reliable operation, and if it seems to 
work well, measure currents I B2 (with Q2 
on), I C1 , and I Bl . If any current is exces- 
sive, recalculate resistor values, begin- 
ning with R3, If either transistor refuses 
to switch, decrease the value of its base 
resistor by ten percent and try again. Re- 
peat until switching occurs reliably. 

5. Substitute transistors of the same 
type for Ql and Q2, and test for reliable 
operation. Use the lowest value for Rl that 
permits reliable switching with all tran- 
sistor combinations. That will be the 
highest value you can trust. Be sure to 
record all resistor and current values. 
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PC Service 



One of the most difficult tasks in build- 
ing any construction project featured In 
Radio-Electronics is making the PC 
board using just the foil pattern provided 
with the article. Well, we're doing some- 
thing about it. 

We've moved all the foil patterns to this 
new section where they're printed by 
themselves, full sized, with nothing on the 
back side of the page. What that means 
for you is that the printed page can be 
used directly to produce PC boards! 

Note: The patterns provided can be 
used directly only for direct positive pho- 
toresist methods. 

In order to produce a board directly from 
the magazine page, remove the page and 
carefully inspect it under a strong light 
and/or on a light table. Look for breaks in 
the traces, bridges between traces, and in 
general, all the kinds of things you look for 



in the final etched board. You can clean up 
the published artwork the same way you 
clean up you own artwork. Drafting tape 
and graphic aids can fix incomplete traces 
and doughnuts, and you can use a hobby 
knife to get rid of bridges and dirt. 

An optional step, once you're satisfied 
that the artwork is clean, is to take a little 
bit of mineral oil and carefully wipe it 
across the back of the artwork. That helps 
make the paper transluscent. Don't get 
any on the front side of the paper (the side 
with the pattern) because you'll con- 
taminate the sensitized surface of the 
copper blank. After the oil has "dried" a 
bit — patting with a paper towel will help 
speed up the process — place the pattern 
front side down on the sensitized copper 
blank, and make the exposure. You'll 
probably have to use a longer exposure 
time than you are probably used to. 



We can't tell you exactly how long an 
exposure time you will need but, as a start- 
ing point, figure that there's a 50 percent 
increase in exposure time over litho- 
graphic film. But you'll have to experiment 
to find the best method to use with your 
chemicals. And once you find it, stick with 
it. Don't forget the "three C's" of making 
PC boards — care, cleanliness, and con- 
sistency. 

Finally, we would like to hear how you 
make out using our method. Write and tell 
us of your successes, and failures, and 
what techniques work best for you. Ad- 
dress your letters to: 



Radio-Electronics 

Department PCB 

200 Park Avenue South 

New York, NY 10003 
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TRANSISTOR SWITCHES 



continued from page 87 



It takes only about thirty minutes to 
follow the procedures outlined above, and 
that's a small price to pay for an optimized 
circuit. You may be surprised at the values 
you obtain. For example, I calculated the 
following values the first time i set up the 
circuit in Fig. 9: Rl = IK, R2 = 10K, 
R3 = IK. In my final design I used these 
values: R1 = 10K, R2 = 33K, R3 = 10K. 
My load must have been much lighter than 
I originally thought. Only a suspicious 
nature and a trusty breadboard kept that 
switch from drawing more current than all 
the remaining elements of the circuit put 
together. 

Switching sequence 

Now that we've got all that under our 
belt, there is one more topic to consider: 
switching sequence of bipolar-output cir- 
cuits, such as the motor direction-revers- 
ing circuit shown in Fig. \Q-a. With that 
type of circuit we must ensure that both Ql 
and Q2 are never turned on simulta- 
neously. If they were, the + V cc and 
-V cc supplies would essentially be 
shorted together through the small "on" 
resistance provided by the transistors. The 
resulting current flow would in all like- 
lihood destroy those transistors. 

If the unconnected endsofRlandR2in 
Fig. 10-a were connected to the output of 
an op-amp, we might think that a positive 
output from the op-amp would turn on 
Q2, and drive the motor in one direction, 
and that a negative output would turn on 
Ql, and drive the motor in the opposite 
direction. In theory that's correct, but as 



the sequencing diagram in Fig. 10-b 
shows, there is an overlapping time when 
both transistors are on. 

To understand how that could happen, 
assume the voltage from the op-amp starts 
off at - V cc . At that point, Ql is on, and 
Q2 is off. But as the input voltage rises, 
Q2's base will eventually become 0.7 volt 
more positive than its emitter, so Q2 will 
turn on. Both transistors will remain on 
until the input voltage rises above 
+ V cc -0.7 volt. At that point Ql will 
turn off; and it will not turn back on until 
the input voltage again falls below 
+ V CC — 0.7 volt. Therefore, both tran- 
sistors will remain on until the input again 
falls below the 0.7 volt threshold needed 
to keep Q2 on. 

One way to solve that problem is to add 
an additional pair of transistors, as shown 
in Fig. ll-o. In that circuit, Q4 goes off 
long before Q2 goes on; Fig. 11 -A shows 
the switching sequence. Assume the input 
voltage starts at ground. As it approaches 
-0.7 volts, Q3 turns off, then Q4 turns 
off as its base is pulled to — V cc . As the 
input voltage continues to rise, Ql turns 
on, and that drops Q2's base to ground, so 
Q2 turns on. Following through the se- 
quence, we see that there is no time when 
both Q4 and Q2 are on, and there is a short 
period when all four transistors are off. 

Sequence-overlap problems can arise 
in other ways. For example, in counter 
circuits, the counter [C can contribute to 
overlapping "on" times even though the 
individual switching circuits do not. For 
example, the data sheet for the 4022 di- 
vide-by-eight counter reveals that the rise 
and fall slopes of successive outputs over- 
lap, and it is doubtful that the switching 
transistors' internal delays would suffi- 
ciently compensate for that overlap. In 



such circuits it may be best to create an 
"off" period with some other device, lite 
a one-shot. 

Other precautions 

Aside from the problems with bipolar 
output circuits we've just been discuss- 
ing, there are several precautions to keep 
in mind regarding output loading of any 
transistor switching circuit. Lamps and 
other (more or less) purely resistive loads 
require little attention beyond that paid to 
voltage and current limits. Inductive and 
capacitive loads, on the other hand, de- 
mand special attention. For example, di- 
odes Dl and D2 in Fig. 1 2- a serve to 
protect the transistor from inductive 
spikes generated by LI , which could be an 
inductor, a relay, a motor, etc. 

There are several ways to the limit ini- 
tial surge current that occurs when 
switching heavily capacitive loads. For 
example, we could use a current-limiting 
resistor, as shown in Fig. )2-b. Finally, for 
circuits that work in RF or other fields that 
radiate much potential EMI, filtering and 
bypassing, as shown in Fig. 12-c, are nec- 
essities. 

In this article we have discussed several 
ways to make simple discrete transistor 
switching circuits operate both more reli- 
ably and more efficiently. Given the volt- 
age and current requirements of a load, 
and given the voltage and current avail- 
able from a digital IC (or other) driving 
circuit, we have seen how to calculate, 
and how to optimize, the values of the 
gain-determining components of simple 
transistor switching circuits. The small 
investment we make in calculating and 
breadboarding will be well rewarded by 
projects that work better, that last longer, 
and that waste less power. R-E 
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PC Service 




OUR MINI MUSIC SYNTHESIZER can turn anyone into a "one-man-band." The project Is fun, and easy-to-bulld if 
you use the foil pattern shown here. The story begins on page 75. 




THE PC BOARD for the wireless video link Is shown here. 



KEEP AN EYE on the humidity 
with our humidity monitor. The 
PC board for that project Is 
shown here. 
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Which Way To YOUR Future? 

Are you at a crossroads in your career? 
Have you really thought about it? Are 
you planning for your future, or perhaps 
refusing to face the subject? Which way 
will you go — down the same old road? 
Or are you ready for something else? 

In electronics you can't stand still. If you 
are not moving ahead, then you're falling 
behind. At the crossroads of your career, 
various choices are available — and, yes, 
decisions have to be made. 

Which road will you take — one that 
doesn't go where you want to be, or one 
that leads to hard work but also to the 
better life? Ah, decisions, decisions! 

Career decisions are so important that you need all the input 
you can get before locking-in on one of them. Grantham Col- 
lege of Engineering offers you one source of input which may 
help you in making that decision. It's our free catalog. 

Ask for our free catalog and you may be surprised to learn how 
it is easily possible to earn a B.S. degree in electronics without 
attending traditional classes. Since you are already in electronics 
(you are, aren't you?), you can complete your B.S. degree work 
with Grantham while studying at home or at any convenient 
place. 

But don't expect to earn that degree without hard 
work. Any degree that's worth your effort can't be 
had without giving effort to the task. And of course 
it is what you learn in the process, as much as the 
degree itself, that makes you stand out above the 
crowd — that places you in an enviable position, 
prestige-wise and financially. 




Put Professional 

KNOWLEDGE 

and a 

COLLEGE DEGREE 

in your 

Electronics Career 

through 
HOME STUDY 



Grantham offers this program, complete but with- 
out laboratory, to electronics technicians whose 
objectives are to upgrade their level of technical 
employment. 



Grantham College of Engineering 

10570 Humbolt Street 
Los Alamitos, California, 90720 



Recognition and Quality Assurance 

Grantham College of Engineering is accredited by 
the Accrediting Commission of the National Home 
Study Council, as a degree-granting institution. 




This free booklet 
explains the 
Grantham B.S. 
Degree Program, 
offered by inde- 
pendent study to 
those who work 
in electronics. 
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Booklet 
CLIP 
COUPON 
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envelope or 
paste on 
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card. 



All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 



Grantham College of Engineering R-02-86 
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Robot brains 
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we've talked about quite a few 
things the past few months, in- 
cluding putting together a 
robotics lab, robot motion and 
navigation, and last month we dis- 
cussed, albeit briefly, the subject 
of voice recognition. It's time now 
to start putting those elements to- 
gether — we need to give our robot 
some brains. 

Perhaps you're asking, "Do I 
really need a computer to control 
my robot?" You could build a cir- 
cuit out of discrete logic compo- 
nents that would allow your robot 
to perform the task you had in 
mind. But, as Hamlet said, that's 
the rub. To change that task, you 
would have to re-design and re- 
solder. However, if you imple- 
mented the control logic in soft- 
ware, you could change your 
design simply by keying in new 
instructions. Given the advantages 
of a software approach, there are 
still quite a few hardware ques- 
tions to be answered. So what 
would be the composition of a 
suitable robot-control computer? 

Microprocessors 

The heart of any home comput- 
er is its microprocessor, and there 
are a number of different micro- 
processors to choose from. We 
must pick ours carefully, accord- 
ing to several criteria. The first is 
power. All devices used in robot- 
control circuits should be low 
power, assuming that the robot is 
to carry its power source (bat- 
teries) with it. 

There are two chief methods of 
fabricating microprocessors: 
NMOS and CMOS. NMOS is the 
elder of the two, and NMOS al- 
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FIG. 1 

most invariably draws more power 
than the newer CMOS types. For 
example, an NMOS Z80 can draw 
as much as 150 mA of current at five 
volts. Most microprocessors (8080, 
Z80, 6800, 6502) were originally 
built using NMOS technology, al- 
though CMOS versions for many 
of them were introduced later. 

Bearing in mind the fact that the 
microprocessor must be sup- 
ported by a bevy of other power- 
hungry components, before you 
know it, your computer's brain 
could easily require 1.5 amps of 
power. A small motorcycle battery 
would be necessary to keep a sys- 



tem with that sort of current drain 
operational for an hour! And that 
doesn't include power for the 
stepper motors! 

It's easy to see why the industry 
almost universally uses CMOS mi- 
croprocessors for portable com- 
puters. Not all microprocessors 
are available in CMOS yet, but the 
Z80, 6809, 8085A, 6502 and 8086/8 
types are, and Motorola's 68000 
will be soon. 

The microprocessors men- 
tioned above lead us to our next 
design criteria: eight or sixteen 
bits? (And 32 bits will soon be add- 
ed to the "equation.") There is no 
clear-cut choice here. I have seen 
several robots designed with 16-bit 
microprocessors that should have 
been designed with 8-bit devices. 
Some people automatically as- 
sume that a robot requires the 
larger units, but that is not always 
the case. 

Another consideration is 
whether the application demands 
a full-blown multi-IC design. In 
many cases a single-chip micro- 
processor will do the job. Single- 
chip micros typically have 128 
bytes of temporary memory and 16 
input/output lines. I find single- 
chip micros most useful as dedi- 
cated sensor controllers. For ex- 
ample, you could use one to 
control your robot's motors and 
sensors, while the main processor 
carried out the heavy-duty control 
logic. Now let's look at the memo- 
ry question in a bit more detail. 

Memory 

Once again your application will 
determine how much RAM (Ran- 
dom Access Memory), ROM (Read 
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Only Memory) and EPROM (frasa- 
ble Programmable Read Only 
Memory) you'll need to provide. 
RAM is used for storage of tempo- 
rary data, and data picked up by 
sensors; ROM and EPROM are 
used to store the control program 
and tables of data. 

If you're new to this field, and if 
you're planning to build a research 
robot that will not be obsolete be- 
fore you get done building it, then 
I suggest designing a "universal" 
memory system. That type of sys- 
tem is possible because there are, 
nowadays, RAM's, ROM's, and 
EPROM's that have almost identi- 
cal pin-outs. 

The circuit depicted in Fig. 1-a 
shows how a single 28-pin socket 
can be used to house several dif- 
ferent types of memory IC's, and 
several different devices of each 
type. The table in Fig. 1-b shows 
how points A, B, C, and D in the 
circuit should be jumpered for 
each type of memory device. If 
you're interested in learning more 
about that subject, drop me a line. 
I'll send you a reprint of an applica- 
tions note that discusses the sub- 
ject in depth. 

Ins and outs 

Robot I/O (mput/Output) is, by 
far, the most involved decision. 
Depending on the sensors and 
motors in your system, I/O circuits 
can become quite complex. It will 
simplify matters if you use stan- 
dard I/O schemes (like RS-232C) 
for communicating with pe- 
ripherals or dedicated sensor con- 
trollers, like those mentioned 
above. There are many products 
on the market that communicate 
via RS-232C lines, and it's easy to 
interface your own devices via 
RS-232C. 

Buy or build? 

Whether you should buy a pre- 
assembled control computer or 
build your own also depends on 
the application. But if you think 
there's a chance that a pre-as- 
sembled unit will do the job, you'll 
save yourself a lot of hair-pulling 
by buying, rather than building. 

Based on what I've said above, 
the specifications of an ideal 
robot-control computer might in- 
clude a CMOS microprocessor, 
plenty of memory, standard I/O 



channels, and battery operation. 
Suppose I told you that you could 
buy an off-the-shelf device with a 
CMOS 8085A, 8K of battery- 
backed-up RAM (which is expan- 
dable to 32K), a real-time clock/cal- 
endar, an RS-232C port, a Cen- 
tronics parallel port, a bar-code 
reader input, a full 60-key alpha- 
numeric keyboard, and a forty- 
character by eight-line LCD dis- 
play, all packaged in a case that 
measures about 8 x 11 inches? 

That machine also has, built-in, a 
special version of Microsoft BASIC 
that supports all the I/O devices — 
and interrupts! You can burn your 
BASIC program into an EPROM 
and plug it into the ROM expan- 
sion socket that is provided. If you 
have an exotic I/O in mind, the 
entire system bus is also available. 

The complete computer costs 
less than $350.00. If you haven't 
guessed what it is by now, you'll 
have to wait till next month. I'll 
have several interesting surprises 
then for those who choose to use 
that "mystery" computer for robot 
development. R-E 
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SOMEONE ONCE SAID THAT "HISTORY 

always repeats itself;" well, the 
same thing seems to be true of 
electronics. That is, some idea 
from a bygone era is brought back 
and touted as the cutting edge of 
technology. The latest idea to be 
reborn is diversity reception. 

Diversity reception is a means 
whereby we're able to compen- 
sate for the apparent loss of signal 
strength caused by changes in the 
polarization of an electromagnetic 
(RF or radio) wave, rather than by 
loss of the signal itself. Often, be- 
cause of changes in a signal's po- 
larization, we can't receive the 
signal even though we're using a 
decent receiver. 

Using such techniques, a wire- 
less microphone, for example, can 
be received equally well whether 
its antenna is horizontally or ver- 
tically positioned. No longer need 
reception suffer if a rock star were 
to literally crawl along the floor at 
the fringe of a receiver's reception 
range. While to many the concept 
is new, diversity reception in non- 
laboratory equipment goes back a 
ways. 

While diversity reception has 
been around from at least the late 
1920's (AT&T began using it then 
for their transoceanic circuits), I 
first came across it in some WWII 
surplus Navy receivers. But that 
was during the vacuum tube era, 
and the hardware necessary for di- 
versity reception was larger than 
your average office desk. In fact, 
that diversity receiver could be 
used as a boat anchor for a small 
freighter. Today, the whole circuit 
isn't much larger than your 
thumb. 




FIG.1 



The importance of polarization 

The polarization of an elec- 
tromagnetic wave starts off in the 
same plane as the antenna, and 
maximum energy is obtained 
when the receiving antenna is in 
the same plane as the received 
wave. Unfortunately, many things 
can affect the polarization of a sig- 
nal after it leaves the transmitting 
antenna. And the higher the fre- 
quency, the greater the effect on 
polarization and reception. 

Most of us are familiar with sig- 
nal polarization through experi- 
ence with antennas for the 
reception of FM broadcasts. If the 
FM station's transmitting antenna 
is one of the older horizontal de- 
signs (not circular) and the receiv- 
ing antenna is rotated from 
horizontal to vertical, you can ac- 
tually see the reading on a signal- 
strength meter decrease as the an- 
tenna is adjusted. At 90-degree ro- 
tation, you'd lose the signal, or it 
would be so weakened as to be 



useless. In other words, the signal 
polarity would be wrong for the 
receiving antenna. 

Normally, the forces that affect 
the polarization of RF after it leaves 
the antenna are most severe in the 
HF range between 6 and 30 MHz. 
Skips and bending can change the 
polarization of a signal; thus, what 
started out as horizontal polariza- 
tion in Europe can arrive here al- 
most vertical. 

Depending on the frequency, 
the time of day, condition of the 
electrical bands circling the earth, 
etc., polarization changes can oc- 
cur over a period of only a few 
seconds. The signal that you think 
is fading in and out may really be 
rock steady in strength, but rotat- 
ing somewhere between horizon- 
tal and vertical polarization. 

How it works 

A simplified block diagram of 

how diversity reception works is 

continued on page 102 
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All-mode receiver. 

• Covers 150 kHz -30 MHz in 30' bands. 

• All mode: USB, LSB, CW. AM, FM. 
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steps. F. LOCK switch. 
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• Programmable band scan. 
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• Dual 24-hour quartz clocks, with timer. 

• Three built-in IF filters with NARROW/WIDE 
selector switch. (CW filter optional.) 

• Squelch circuit, all mode, built-in. 

• Noise blanker built-in. 

• Large front mounted speaker, 
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•AGC switch. (Slow-Fast.) 
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•RECORD output jack. 
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• Muting terminals. 

Specifications and puces subiect to change without notice 



R-lOOO High performance receiver»200 
kHz-30 MHz in 30 bands • AM. CW, SSB • 3 IF 
filters • noise blanker • RF attenuator • S-meler 

• 120-240 VAC •muting terminals* built-in speaker 

• digital display/clock/timer 




R - 600 General coverage receiver • 150 
kHz-30 MHz in 30 bands* AM, CW, SSB • IF filters 

• noise blanker • RF attenuator • S-meter with 
SINPO scale • front mounted speaker • 3 antenna 
inputs • 100-240 VAC operation • record jack 

• muting terminals • digital display 
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Optional accessories: 

• VC-10 VHF converter for R-2000 covers 
118-174 MHz 

• YG-455C 500 Hz CW filter for R-2000 

• HS-4 Headphones 

• HS-5 Deluxe headphones 

• HS-6 Lightweight headphones 

• HS-7 Micro headphones 

• DCK-1 DC cable kit for 13.8 VDC operation 

• AL-2 Lightning and static arrester 

• Service manuals are available for all 
receivers and most accessories. 

Additional information on Kenwood all-band 
receivers is available from authorized dealers. 
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shown in Fig. 1. The idea behind 
the scheme shown there is to track 
the polarization of the received 
signal and automatically switch an- 
tennas to maintain the maximum 
possible signal strength. Basically, 
as is shown, we have two indepen- 
dent tuners, each having two out- 
puts; an RF output that connects 
to an electronic switch whose out- 
put feeds the receiver's IF ampli- 
fier, and a control voltage that is 
proportional to the received signal 
strength. 

One tuner is connected to a 
horizontally polarized antenna, 
the other to a vertically polarized 
antenna. The control voltages are 
fed to a comparator that controls 
the electronic switch. When the 
received signal from the horizon- 
tal tuner is stronger than that of 
the vertical tuner, the horizontal 
control voltage is proportionately 
larger. That forces the electronic 



switch to connect the horizontal 
tuner to the IF amplifier. When the 
signal from the vertical tuner is the 
stronger one, the reverse is true. 

If anything causes the received 
signal's polarization to rotate, the 
signal fades out on the horizontal 
tuner, causing the control voltage 
to fall. In the meantime, the signal 
received by the vertical antenna/ 
tuner increases, thereby, increas- 
ing the vertical tuner's control volt- 
age. At some preset level, the 
control voltage causes the elec- 
tronic switch to "flip," connecting 
the vertical tuner to the IF ampli- 
fier. 

The receiver continuously tracks 
the control voltages from the tun- 
ers, and selects the one that pro- 
duces the maximum received 
signal. To prevent flutter caused by 
rapid and unnecessarily frequent 
switching between tuners, there's 
a hysteresis range of control-volt- 
age/signal-strength values within 
which the receiver will not switch. 
Of course, if signal fading is 
caused by an actual reduction in 
received signal strength regardless 



of polarization, the receiver stays 
with the tuner that produces the 
higher control voltage. 

As you might expect, a lot of 
hardware goes into diversity re- 
ception because it requires what is 
essentially two receivers, an elec- 
tronic switch, comparison ampli- 
fiers, and lots of "witchcraft" to 
maintain the adjustments. Vac- 
uum tubes made the system too 
bulky, expensive, and fussy to be 
used in consumer and con- 
ventional communications equip- 
ment. 

But solid state is something else. 
Two limited-range tuners require 
very little in the way of compo- 
nents, and the whole comparator 
and switcher can be put on a single 
integrated circuit. In terms of extra 
costs, we're talking about pennies 
instead of hundreds of dollars. 
And now that a new generation of 
engineers have re-discovered di- 
versity reception, the question is: 
Which manufacturer will be the 
first to produce a mass-marketed, 
all-band diversity receiver priced 
at under $100? R-E 
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Satellite TV 



C-band DBS? 




BOB COOPER, 1R. 

SATELLITE TV EDITOR 



LAST MONTH WE LOOKED AT THE REA- 

soning behind the FCC's 1979 deci- 
sion to create a special DBS, or 
Direct Broadcast Satellite, TV ser- 
vice on the Ku band. We came to 
the realization that, for DBS to 
work with one- to three-foot dish- 
es, high-powered transponders 
are required. 

However, there are difficult 
technical problems with increas- 
ing transmitter power on the Ku 
band at this time, so those inter- 
ested in DBS have begun looking 
elsewhere: the C band. The prob- 
lem with the C band is that max- 
imum power is limited to about 10 
watts. And that maximum is lim- 
ited by regulation, not by tech- 
nology. So we are no cioser to 
realizing a worldwide DBS service 
than we were in 1979, when that 
service was envisioned. 

At present there are about 1.3 
million US and Canadian homes 
equipped with C-band TVRO's, 
And that number is growing by 
about Si-million per year. So, by 
1990, there will be C-band TVRO's 
serving no less than 5% of all U.S. 
homes. 

However, there are limits to 
TVRO growth, given current — and 
foreseeable— technology. And the 
main thing limiting that growth is 
dish size. Current 6-10 foot dish 
antennas are unsightly and im- 
practical. If antennas were small- 
er — say 2 or 3 feet — a far greater 
number of homes could receive C- 
band signals. 

You might think that additional 
performance could be squeezed 
from another part of the system. 
But antenna gain and feed effi- 
ciency have been maximized for 
now. Clever receiver circuits that 




FIG I 



trade sensitivity for picture quality 
(like the so-called "threshold ex- 
tension systems") have shown that 
you can improve small-dish sys- 
tems, but that those improve- 
ments are marginal. 

In short, for all practical pur- 
poses, we're at the state of the 



TVRO dealer "Starter Kit" 
available 

Bob Coopers CSD Magazine has ar- 
ranged with a number of TVRO equip- 
ment suppliers to provide a single- 
package of material that will help intro- 
duce you to the world of TVRO dealership. 
A short booklet written by Bob Cooper 
describes the start-up pitfalls to be avoid- 
ed by any would-be TVRO dealer, in addi- 
tion, product data and pricing sheets from 
prominent suppliers in the field are in- 
cluded. That package of material is free of 
charge and is supplied to firms or individu- 
als in the electronics service business as 
an introduction to the 1984.85 world of 
selling TVRO systems retail. 

You may obtain your TVRO Dealer 
Starter Kit free of charge by writing on 
company letterhead, or by enclosing a 
business card with your request. Address 
your inquiries to: TVRO STARTER KIT, 
P.O. Box W0858, Fort Lauderdale, FL 
33310. That kit nor available to individuals 
not involved in some form of electronics 
sales and service. 



art — on the receiving end. Soil an- 
tenna size is going to decrease, 
and if picture quality is going to 
increase, the transmitting end of 
the system will have to change. In 
short, we've got to give our C- 
band satellites greater power. 

C-band power was originally 
limited in order to prevent inter- 
ference to terrestrial microwave 
circuits. The fear, or threat, of such 
interference may have been justi- 
fied. But as we saw last month, the 
possibility that a satellite some 
22,000 miles from the earth could 
interfere with line-of-sight ter- 
restrial telephone communication 
is miniscule. 

C-band DBS 

Let's forget regulations for a 
minute, and ask a technical ques- 
tion: could a 50-watt transmitter 
do the job on the C band? The 
Russian Gorizorit satellite has had 
50-watt transmitters for nearly five 
years. The three-foot dish shown 
in Fig. 1 operates in Motala, Swe- 
den, and it receives signals from 
the Russian satellite perfectly. 

We need create no new tech- 
nology to increase our present C- 
band birds to the 50-watt power 
level — the technology is here, and 
it has been proven to work. For 
example, RCA's Ku1 and Ku2 satel- 
lites both have sixteen 45-watt 
transponders on board. And Swe- 
den has shown us that small dishes 
function very well with a 50-watt C- 
band transmitter. 

I suggest, and I am hardly alone m 
with this suggestion, that the time § 
is at hand to abolish the 20-year- > 
old engineering constraints that 5 
deny us C-band DBS service. That ^ 
might happen in several ways: 
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• After initial opposition, the ter- 
restrial telephone companies 
might simply accept the fact that 
power levels greater than 10 watts 
won't cause interference to their 
services. 

• Alternatively, present frequency 
assignments (which, in any case, 
offset satellite channels from ter- 
restrial channels by 10 MHz) could 
be modified to eliminate the al- 
ready-remote possibility of inter- 
ference. 

• Further, the dithering technique 
that all satellite broadcasters cur- 
rently use could be further modi- 
fied to reduce the possibility of in- 
terference. 

• Last, perhaps only a segment of 
the sky, say 70 west to 110 west, 
might be used by high-power C- 
band birds. 

By implementing one or more of 
the above suggestions, C-band 
DBS would explode into a service 
offering dozens, perhaps hun- 
dreds, of channels nationwide. If 
that were to happen, the potential 
market could increase tenfold, or 
more! R-E 
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Also, I'm not an experienced de- 
signer, but it appears to me that 
transistors Q2, Q4, Q6, and Q8 are 
intended to protect the output 
transistors. With R9, R18, R27, and 
R37 at 4.7 ohms, as stated in the 
article, the protection devices will 
turn on at about 125-150 mA of out- 
put current. 

As long as the output devices 
could handle at least that much 
current, the current-handling ca- 
pability of the output devices 
wouldn't have any effect on the 
turn-on point of the protection de- 
vices. According to my calcula- 
tions, for an output-current of 2 
amps, resistors R9, R18, R27, R37 
would have to be changed to 
about 0.3-0.4 ohms at 2 watts. 
KARL REEBENACKER 
Franklin, MA 

Mr. Reebenacker is essentially 
correct. To increase output current 
to 2 amps, the transformer's rating 



will have to be increased accord- 
ingly. The four resistors (R9, R18, 
R27, R37) should be changed to 
0.27Q at 3 watts. In addition to 
that, the values of the four output 
capacitors should be increased to 
1000 iiF each. Last, you should also 
replace the 2N3766 with a 2N6057, 
and the 2N3740 with a 2N6050.— 
Vaughn D. Martin R-E 
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can show you the best— and 
mosl economical — way 10 (tarn 
programming! 
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PRB ... HAS OVER 10,000 
ELECTRONIC COMPONENTS 



PROJECTOR RECORDER BELT 
has virtually every electronic corn 
ponent you'll ever need . . . 
plus ... the world's most com- 
plete inventory of belts (in- 
cluding the hard to find ones). 




PRB OFFERS YOU: 

« Everyday Low Prices 
• FREE Freight (PRB will pay the 1st lb. 
of llPS-grcunrj only-charge) 
Orders Shipped within 24 Hours 
• 100% Guarantee on All Products • Weekly Specials for Super Savings 

■ Service You Can Depend On ■ FREE - 98 Page Catalog (call for your copy) 



INDIVIDUAL SV«" 

RAINBOW MEMORIES 

DISKETTES (Bulk) 

Single Sided *1SBK 

Just $1.17 el. [min. IE) 

(1-11 $1.30 Each) 

Double Sided *2SBK 

Just S1 .26 ea. (min. 12} 

(1-11 $1.40 Each) 



SPECIALS 

GOOD WASH 

Spray degreaserr 

tuner cleaner ... 

sate For all plastics. 

»2444 

24 oz. aerosol can 

Regularly $3.67 
SALE $2.99 pin. 12) 



VOLTAGE SPIKE 
PROTECTOH 

.. with radio noise filter 

#444SP 

Close- Out 

Special! 

Regularly $6.15 

SALE $1.95 (min. 12] 



ORDER TOLL FREE 

National 1-800-658-9572 In Wisconsin 1-800-242-9533 TLX: 439441 1 PRB USA 



PROJECTOR 
RECORDER BELT 

200 Clay Street 
Whitewater, Wl 53190 




SOMEONE 

YOU 

KNOW 

HAS A RARE DISORDER 

• That may be fatal or disabling 

• That many doctors don't recognize 

• That may have no cure or 
treatment 

• That is one of 5000 disorders with 
a total of 20 million victims 

NORD is a coalitionof non-profit agencies, re- 
searchers, and individuals that helps by pro- 
viding information and promoting research. 
Your membership helps. 

NORD 




National Organization 1182 Broadway. Suite 402. 
for Rare Disorders New York. N.Y. 10001 
212-686-1057 
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ON THE COVER 

Heath's new Model HVM-122A is a 12-inch amber monochrome 
monitor with excellent definition for 40 or 80 characters. What's 
more, you can drop the cost of this unit to well-under $100 by 
assembling it yourself from the kit. You'll find that for most non- 
color applications, such as word processing, you get better 
definition with a monochrome monitor. So if you're thinking of 
going monochrome, or changing to amber, take a long, hard look at 
this unit, and see page 4. 



COMING NEXT MONTH 

Look for an intriguing application for the Commodore light pen as a 
frequency counter If you've got any questions about printers, you'll 
surely find an answer in the printer tutorial we'll be running next 
month. We'll also be offering part two of the three-part article on 
the Grafex-32, begun in this issue. 
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Glitch! 

I built the circuit for the Write- 
Pro tect Notch By- Pass article in 
your July '85 Issue. I found two 
small errors in Figure 2, the 
schematic diagram. Capacitor C4's 
polarity should be reversed so the 
positive lead connects to pin 2 of 
IC1. Also, the lead from the 
junction of iC1 pin 2 and CI, to 
one side of S2 should be 
connected to the junction of IC1 
pins 1, 8 and CI instead. With the 
corrected circuit, I was able to 
load the program and saved it to a 
write-protected diskette. 
A.F, 
Somerset, Bermuda. 

Thank you. We appreciate your 
help and hope we didn't cause 



you too much trouble. 



CP/M vs MS/DOS 

When VCR's became popular, I 
held off until I could see whether 
Beta or VHS was going to 
dominate. I've been holding off on 
buying a computer for the same 
reasons, waiting to see if I should 
go with CP/M or MS/DOS, but 
there doesn't seem to be any 
resolution. What should I do? 
C. D, 
Reno, NV. 

Buy. We now have interface 
devices that can make any system 
compatible with any other. So 
stop denying yourself. Remember 
when Ralph Kramden refused to 



buy a TV set because he was 
waiting for 3-D TV? 

Dealer's Choice 

I know you select the articles for 
each issue from those that various 
authors submit. But if you could 
have a choice, what would you 
look for? 
S. K., 
Taos, N.M. 

Thanks for asking, S.K. Right now 
we're scrambling for — believe it or 
not— SHORT articles to fill one or 
two pages in the magazine! 
Everything we seem to have now 
has to be serialized over two or 
three issues. The subject matter is 
wide open, but we prefer well- 
written construction projects. -^CD^ 



COMPUTER PRODUCTS 

For more details use the free information card inside the back cover 



INVOICING SYSTEM, the 

Supershipper integrates all the ele- 
ments involved: it is capable of 
handling customer-account lists, and 
product and price lists, as well as 
printing invoices, labels, and C.O.D. 
tags. 

The Supershipper is available for the 
Commodore 64 The prosram retails 
for $99.95. — Progressive Peripherals & 
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Software, Inc., 2186 South Holly, Den- 
ver, CO 80222. 



BAR CODE READER SYSTEM, the 

model PSR150, can be used in either of 
two basic modes. The on line mode is 
as a fixed bar code decoder, which 
will decode bar code information and 
send it directly to your system. In the 
storage mode, the unit is a hand-held 
portable storage device that goes 
anywhere for collecting data and infor- 
mation at the source, thus eliminating 
pad and pencil. The stored data can 
then be transmitted directly to your 
system, also eliminating the need to 
key information into the system. An- 
other feature is the scan-pad manual 
mode. In that mode, individual charac- 
ters may be scanned from the bar- 
coded scan pad to form a record. That 
record can then be sent in the on-line 
mode or stored in the store mode by 
scanning the "Enter" bar code on the 
scan -pad. 

The standard unit of the model 
PSR150 comes with features such as 
stainless steel pen, 32-character LCD 
display Nicad or alkaline batteries, bar- 
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code keyboard, and serial interface, 
and is priced at under $500.00. The 
model PSR750 is also available with 
64KB RAM, at a price of under 
$1000.00.— Digitronics Division, Com- 
tec information Systems, Inc., 53 John 
Street, Cumberland, Rl 02864 ^CD^ 



FEBRUARY 1986 — ComputerDigest 3 



SO YOU'RE GOING 
TO BUY A 
MONITOR 



■♦♦♦ 



What you need to know before you shop. 



Herb Friedman 

■There are probably as many reasons for buying a 
monitor as there are for buying a computer. Maybe you 
just haven't got one, and have been using a television 
receiver. The kids want the TV back, and it's either buy 
them a new TV set or 30 out and do what you should 
have done in the first place — Buy a monitor! 

Or maybe you've got an old green screen jobbie, 
and want to try one of the newer easy-on-the-eyes 
amber screen units. Or maybe when you first shucked 
out the bucks for your computer, you couldn't see the 
extra cost for a color monitor and settled for a 
monochrome — for now — with all that Christmas loot 
burning a hole in your pocket, maybe "now" is "now." 

Whatever you've got in mind for that new monitor, 
you'd better be armed with some facts when you go 
shopping. You'd better be prepared for the salesman's 
jargon, you'd better know what he's talking about when 
he starts throwing technicalities at you, and you'd also 
better be prepared for some of the "on-the-spot" 



decisions you're probably going to have to make. 

The very-worst thing that can happen if you aren't 
properly pre-educated, is that you're going to make a 
wrong purchase. We don't want that to happen, and 
neither do you. We couldn't possibly send one of our 
experts along with you on your shopping trip, so we 
did the next best thing. Here it is: 

Selecting a computer monitor used to be easy Most 
computer stores stocked only monochrome or color. 
Today, the terms "monochrome" and "color" are 
meaningless because there are different models within 
each category many are mutually exclusive in that they 
will not function with signals intended for another kind 
of monitor 

As a general rule, monochrome monitors present few 
problems other than the signal connection; except for 
the IBM-type monochrome monitor all employ what is 
called a composite video input. "Composite" means 
the video signal contains both the video and sync 
signals, such as the NTSC waveform shown in Figure 1a; 
the same kind of signal used for conventional 
broadcast Black & White TV Any TV set or composite 
TV monitor can be used for a computer as long as it 
can resolve the required detail. Since a composite 
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FIG. 1a— THE COMPOSITE VIDEO output from monochrome 
personal computers uses the same NTSC format used for 
broadcast TV. 
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FIG. lb— COLOR COMPUTERS simply superimpose a color 
burst on the back porch of the vertical sync. The monitor 
integrates the color burst with the video signal to create a 
color display. Without the color burst a color monitor would 
create a monochrome display. 
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video sisnal can be carried on a single shielded wire, 
the video input connector for those composite 
monitors specifically intended for personal computers 
is usually a "phono" jack, though some manufacturers 
have used unusual connectors which require an 
expensive "adapter cable." (The more rugged UHF and 
BNC connectors are generally used on monitors 
primarily intended for closed circuit TV) 

The resolution of a monochrome monitor is usually 
not a problem because the frequency response of the 
monitor serves as an indicator of what to expect. The 
conventional bandwidth of approximately 6-8 MHZ 
used for closed circuit TV monitors can resolve up to 
40 characters per line, possibly 50 characters. A 60 
character line requires about 8-12 MHz, a sharp 80 
character line takes from 14 to 22 MHz or greater. 

Most important, a composite monochrome monitor 
can be used for both monochrome and composite 
color signals. It simply ignores the color burst, which, 
as shown in Figure 1b is the same as the composite 
monochrome signal shown in Figure 1a. 

Until the introduction of the IBM-PC, composite 
video was the standard signal for personal computers. 
One of the few attempts to avoid using conventional 
composite video (especially for monochrome display) 
was the Osborne computer Aftermarket vendors 
immediately introduced composite adapters because 
non-composite monitors was an idea whose time had 
not yet come. At its best it was a hinderence to 
convenient use of the computer 

It was IBM that really created the use of non- 
composite monitors for personal computers. When the 
IBM-PC was first introduced considerable sales effort 
went into convincing the buyer that the composite 
color output could not be used for monochrome 
displays. This, of course, was sheer nonsense, meant to 
sell an expensive monochrome adapter and a special, 
expensive monitor Since no one else was selling "IBM- 
type" monochrome monitors IBM had the market to 
themselves because no other monochrome monitor 
would work with IBM's monochrome adapter signals. 
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FIG. 2— A COMPUTER WITH an IBM-type monochrome output 
provides individual TTL signals (non-NTSC) for the video 
component, intensity, and the vertical and horizontal drive. 
The monitor integrates the four signals into a screen display. 

Figure 2 shows how the IBM-type monochrome 
computer output differs from conventional single- 
ended composite video. The multi-terminal IBM-type 
output connector provides separate TTL signals for 
video, intensity, and horizontal and vertical drive: The 
signals are converted into a video display within the 
monitor Obviously the IBM-type monochrome signals 
cannot be used to drive a conventional composite 
monitor: But because conventional composite video 
isn't used it's possible to employ non-NTSC vertical 
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FIG. 3— AN RGB COLOR SIGNAL is also non-NTSC and TTL 
Each of the three primary colors is provided as a separate 
signal along with the intensity and vertical and horizontal 
drive signals. Like the TTL monochrome monitor, the RGB 
monitor integrates the separate signals into a complete color 
display. 

and horizontal sweep rates. IBM-type monochrome 
monitors employ a horizontal sweep of 18 KHz rather 
than the NTSC rate of 15 KHz, which in combination 
with a bandwidth of 16MHz results in a display having 
greater resolution than a conventional monitor: 

Color monitors 

Color monitors are available in two configurations, 
known as composite and RGB. In basic terms, the 
composite produces color displays by processing the 
composite video and the color burst. (If the color burst 
is eliminated from the computer's signal the video will 
be displayed in monochrome on both monochrome 
and color monitors, for without the color burst from the 
computer a color monitor cannot create color). As a 
general rule, almost any hue of any intensity can be 
displayed by a composite monitor; any limitation on 
the display of a particular hue is more a function of the 
computer than the monitor. 

Unlike composite video which is an analog signal 
even if the information it carries is derived digitally RGB 
signals are digital representations of the instantaneous 
color and intensity values of a single picture element. 
Like the IBM-type monochrome displays, RGB color 
monitors work with TTL signal levels, only now there are 
individual digital signals for RED, GREEN, BLUE, 
INTENSITY an d the vertical and horizontal drive. The 
signals from the computer, shown in Figure 3, are 
processed within the RGB monitor to produce a color 
display capable of the 16 colors shown in Figure 4. 
Normally just the three RGB signals can produce the 8 
colors indicated with an asterisk; the additional 8 are 
made possible by integrating the intensity signal with 
the RGB signals. 

RGB COLOR DISPLAY 



Basic color 


Intensified color 


* Black 


Dark grey 


* Blue 


Light blue 


" Green 


Light green 


' Cyan 


Light cyan 


* Red 


Light red 


* Magenta 


Light magenta 


Brown 


* Yellow 


* White 


Intensified (super) white 



Indicates conventional pre IBM-PC basic color rainbow. 

FIG. 4— A MODERN RGB MONITOR that is IBM-compatible 
will produce 16 colors including brown. Before the introduc- 
tion of the IBM-PC, RGB monitors produced yellow instead of 
brown, and some RGB monitors could only produce the eight 
colors indicated with an asterisk ("*">. 
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FIG. 5a— USING A MONOCHROME MONITOR with a color 
signal Intended for an RGB monitor usually results in excess 
"gain" and considerable loss of detail in both the graphics 
and text characters. 

Presently all conventional RGB monitors create 16 
colors from conventional personal computer signals. 
Unfortunately some early monitors, a few of which 
occasionally surface in the surplus market, do not 
process the intensity signal and provide only 8 colors. 
It's not that the color table shown in Figure 4 is different 
from the earlier and conventional RGB colors in that the 
yellow is not part of the basic 8 colors derived form 
RED, GREEN and BLUE. In a conventional 8-color 
rainbow there is no brown: The position occupied by 
brown in Figure 4 is normally yellow. Unfortunately, 
although the intensity signal produces lighter versions 
of seven of the orisinal 8 colors — thereby also 
producing a lesitimate grey and an intense or "super 
white" (which is actually close to, or equal to the 
maximum screen brightness) — lighter yellow is still 
yellow. Also, the lack of brown sharply limits graphic 
artwork. To make the 16 color rainbow more applicable 
to "natural "graphics, IBM substituted brown for the 
basic yellow, and provided yellow in the intensified 
rainbow. Although brown came into common use with 
the IBM personal computers, it is now considered 
"standard" because most personal computer 
equipment attempts to be iBM-compatible. 

Monochrome from RGB 

While it is usually possible to use a mononchrome 




FIG, 5b— BUT WHEN PROCESSED by a Video Enhancer an 
RGB color signal can look quite good on a monochrome 
monitor beca u se t he d evi ce co n verts eac h color to an i n d i vid- 
ua! shade of grey. 



monitor with a composite color output, programs 
specifically written for an RGB color output often 
produce little more than "garbage" on a monochrome 
display even if the monitor's signal source is a 
composite color video output. For example, in 
addition to the RGB color output the IBM Color/ 
Graphics Monitor Adapter and its af termarket clones 
have a composite video output which can be used to 
drive both composite color and composite 
monochrome monitors. If the computer is told to 
operate in the monochrome mode it will convert a 
color display to composite video that can be viewed 
on a monochrome monitor in two shades of 
monochrome: normal and highlight. If the program is 
self-booting so that the computer outputs only for RGB 
the composite video will contain "grainy"characters 
and missing graphic elements. 

By using a device known as a Video Enhancer 
(Power-R, Inc., 4016 Interlake N., Seattle, WA 981031) 
the RGB, intensity and H & V drive signals are 
converted into an "enhanced" composite monochrome 
output having each of the 16 colors represented by a 
discernable shade of grey The Video Enhancer is 
actually built in a conventional 9-terminal D-connector, 
the same kind normally used for the RGB connector It 
derives it's power from the power terminal normally 
provided on a Color/Monitor Adapter's light pen 
connector. The output cable of the device is 
terminated in a conventional phono plug, which can 
be connected to any conventional composite video 
monitor. 

Figure 5 shows how the Video Enhancer recombines 
the individual RGB picture elements into a 
monochromatic grey scale display Figure 5a, which has 
not been retouched, shows how the "rings of Saturn" 
from a Color/Graphics Monitor Adapter's color 
composite output would appear on a monochrome 
monitor: There is obviously much detail missing from 
the graphic art, as well as from the text word 
"NORMAL." Figure 5b shows how the very same 
display appears on the same monochrome monitor if 
taken from the RGB output and processed by the 
Video Enhancer; Notice that the rings of Saturn are now 
clearly visible in monochrome. Also, the text word 
"ENHANCED" is now legible, the way it should really 
appear on both monochrome and color monitors. 

Match the monitor 

As you can see, not only are the different types of 
monitors and their signals mutually exclusive, but the 
software can also determine the kind of monitor 
needed. For example, while many users prefer a 
monochrome monitor for word processing (because 
the image is sharper), much graphics software and 
software employing graphics intended for color 
monitors simply doesn't provide a usable display on 
monochrome monitors, although monochrome 
software is almost never a problem when used with a 
color monitor. The best of both worlds when you 
cannot afford an RGB color monitor is the Video 
Enhancer because it provides usable displays from 
both monochrome and color software.^CE^ 
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COMPUTER-AIDED 
DESIGN OF 
LOUDSPEAKER 
ENCLOSURES 
PART II 

Michael Raleigh and Robert Raleigh 



This article, begun last month, is concluded here. 

Figure 8 shows the results of a computer experiment 
which simulates putting this woofer in a ducted port. 
The dimensions are provided in the figure. The curve 
now shows a bump which extends the low-frequency 
response. The experiment is carried further in Figure 9 
which shows the effect of changing the tuning 
condition of the enclosure by varying the duct length. 

On the basis of the results shown in Figure 9 an 
enclosure was constructed with a .124 cubic meter 
volume, a .0889 meter port radius, and a.229 meter 
port length (3.5 inch radius, 9-inch length). The 
agreement between the computer experiments and the 
actual experiments was verified by comparing the 
computed and measured admittances (Figure 10). The 
measurements were made using the same apparatus, as 
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FIG. 7— ACOUSTIC INTENSITY in watts/meter squared versus 
frequency for a .2 cubic meter infinite baffle enclosure. A 3db 
difference is indicated for this graph and applies to all subse- 
quent response curves. 
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FIG. 8— COMPUTED RESPONSE of ducted port enclosure 
constructed in design example. Parameters are listed above. 
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FIG. 9— COMPUTED RESPONSE for design example with 
various duct lengths. Other parameters same as Figure 8. 
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EXPERIMENT 

SIMULATION 

FIG. 10— MEASURED AND COMPUTER SIMULATED admit- 
tance of enclosure built as design example, described in 
Figure 6. Magnitude of the maximum in the admittance which 
occurs at approximately 40 Hz is sensitive to the amount of 
damping in the port. Matching measured and simulated max- 
ima provides a means of determining the damping in the port. 
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FIG. 11— COMPUTED RESPONSE for the design example with 
various amounts of damping in the port. Other parameters are 
as given in Figure 8. 

shown in Fisure 5, but with the woofer now in the 
enclosure. To achieve best agreement, a small amount 
of damping must be assumed in the port. 

As a final computer experiment, we investigated the 
effect of adding additional damping to the port (Figure 
11 ). On the basis of these results, it was decided not to 
increase the port damping. It is our design philosophy 
that frequency response takes precedence over 
transient response. We have therefore made our choice 
of damping based on this steady-state program result. 

Infinite baffle enclosures are simulated by assuming a 
very long, very narrow duct. (.001 meter radius, 1000 
meter length). A ported enclosure is simply a ducted 
port enclosure with a very short duct. In this case, a 
greater proportion of the effective mass of the duct is 
due to the motion of air external to the duct. This effect 
is included in the program however, so that a proper 
simulation of a ported enclosure results from entering 
the length of the duct as the thickness of the speaker 
faceplate. For example, a 1-inch thick faceplate implies 
a duct length of .00254 meters. If a port or duct is not 
round in cross section, the radius should be that which 
gives the same area as the real port or duct. 

Conclusion 

We have shown but a few examples. The reader is 
invited to systematically investigate the effects of 
varying each woofer and enclosure parameter This 
program also provides an output — the admittance — 
whereby the match between the program and the 
actual loudspeaker may be verified.-^O^ 
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BUILD THE 
GRAFEX-32 

PART1 



A 640 by 400 graphics adapter for the Apple II. 

Ray Dahlby 

Dep't. 255 

Box C-34069 

Seattle, WA 98124-1069 

■The Apple II 's graphics resolution of 280 by 192 pixels 
can no longer be considered the "state of the art." The 
newer Apple Macintosh and Lisa computers display 
their bit-mapped images from up to 32K bytes of 
memory, over four times that used for display on the 
Apple II. 

Recently the availability of 64K dynamic RAM chips 
and VLSI graphics controllers at reasonable prices has 
made it feasible to expand the Apple ll's graphics 
resolution using a simple plug-in circuit board. The 
Grafex-32 circuit board uses four 16K by 4 bit RAM 
chips along with a 7220 graphics controller to display 
32K bytes of memory as a bit-map of 640 by 400 
pixels. The board can be expanded to 128K bytes by 
plugging in 64K by 4 bit RAM chips and three such 
boards can be installed in a system to provide the red, 
green, and blue signals for color graphics displays. 

Our design tradeoffs favor circuit simplicity with the 
option of expansion later, over a complex design 
incorporating features which might not have been used 
by everyone. Although the basic circuit consists of just 
20 chips, it displays a monochrome resolution of 
256,000 pixels on a standard Apple Monitor Since this 
baseline performance exceeds the graphics resolution 
of the Macintosh computer, I decided not to increase 
the complexity and thus the cost, of the basic circuit 
board and thereby provide hardware "hooks" by which 
the design can be upgraded by those users with higher 
resolution or color requirements. This design 
philosophy seems consistent with that of the Apple II 
itself. 

The Apple II 

The Apple ll/lle line owes much of its success to the 
expandability afforded by its expansion slots. In the six 
or so years that this computer has been on the market, 
hardware manufacturers have responded to the 
challenge of filling those slots by developing products 
to expand the machine and now, with a multitude of 




add-on cards available, it is surprising to find an area 
which has not been adequately served. 

One such area seems to be the expansion of the 
Apple II s graphics resolution. Although a few cards 
were produced to add sprite-oriented graphics and 
luminance attributes to the Apple II, these did not 
significantly increase the number of pixels on the 
screen. Part of this lapse can probably be attributed to 
the introduction of the I.B.M PC which has distracted 
the focus of third-party hardware manufacturers at a 
time when VLSI graphics chips and cheap memory 
make Apple II graphics expansion an easy matter 

The Apple II line can benefit from new graphics 
technology in other ways than increased screen 
resolution. The video design used in the Apple II maps 
the display memory into the 6502 micro-processor's 
address space in a technique called "memory-mapped 
video." This was a good choice at the time because it 
allowed the 6502 full access to the screen memory 
using all memory reference instructions and addressing 
modes just as if it were addressing normal system RAM. 
In fact, if the high resolution screens are not used, the 
memory space allocated to them can be used for 
program and data storage. The design of the Apple II 
limits the graphics resolution for a least two reasons, 
one being the restricted bandwidth of the home color 
televisions it was assumed that Apple owners would 
be using as their display devices. A second reason is 
limited amount of memory space which can be 
addressed by the Apple's 6502 microprocessor This 
chip has 16 address lines which allows it to address 
only 65,536 bytes so a memory-mapped video design 
using half of this precious space just would not have 
been practical. 

Memory-mapped video design is not limited to low 
resolution graphics as evidenced by the newer Apple 
Macintosh and Lisa machines. The 68000 
microprocessor used in these computers has a 24-bit 
address bus and can directly address more than 16M 
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bytes of system memory A large sraphics RAM 
mapped into this address space does not represent a 
sisnificant fraction of the total available for program 
and data storage. 

The answer to improving the Apple lis graphics 
resolution without using up all of its memory is to keep 
the graphics RAM separate from the system RAM. The 
6502 won't be able to directly access to display RAM 
but there are new chips optimized for managing large 
bit-mapped memories. The 6502 actually benefits from 
the increased prosram available by not having part of 
its system RAM allocated to graphics. 

The 7220 GDC 

The 7220 GDC (Graphics Display Controller) from 
NEC is designed to handle the repetitive tasks required 
in figure, line, and character drawing on a raster scan 
CRT Unlike previous CRT controller chips such as (tie 
Motorola 6845 whose tasks were limited to display 
refresh and video synchronization. The 7220 has an 
instruction set which enables it to read, modify and 
write data in the display memory Positioned between 
the system microprocessor bus and the display 
memory it responds to instructions passed to it and 
draws figures without processor intervention. Since the 
GDC can handle much of the repetitive pixel drawing 
and modification tasks, the bandwidth requirement of 
the microprocessor/display memory path is greatly 
reduced. Most of the data sent from the 



microprocessor during vector and geometric shape 
drawing will be in the form of commands and 
parameters sent directly to the GDC which then 
interprets them into pixel-level operations to be carried 
out over the high-bandwidth GDC/display memory 
path. Its pipelined architecture is optimized for such 
graphics manipulation and it handles these tasks with 
great speed. For example, a 7220 running at a clock 
frequency of 5 Mhz can draw a figure at the rate of 800 
ns per pixel. This speed is independent of the type of 
figure being drawn and is much faster than a seneral 
purpose microprocessor, such as the 6502, handling 
the same task. 

The 7220 was chosen for this design because its 8 
bit uP data bus interfaces nicely with the Apple's 8 bit 
6502 and its 16 bit video data bus and 18 bit video 
address bus allows it to accomodate large bit-mapped 
display memories without impinging on the limited 16 
bit addressing of the 6502. It also handles dynamic 
RAM refresh and video sync generation. This part is 
housed in a 40-pin ceramic package and is fabricated 
in 3um NMOS. It encompasses the equivalent of over 
13,000 transistors. 

The display memory 

The 7220 requires its display memory to be 
organized in 16-bit words. The most common 64K 
dynamic RAM chips, such as the 4164, are organized as 
65,536 locations of 1 bit each so 16 of these parts are 
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FIG. 1— BLOCK DIAGRAM OF THE GRAFEX-32 should be used along with the schematic 
diagram to help understand the theory of operation. 
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FIG. 2— SCHEMATIC DIAGRAM is not difficult to follow if you take it step-by-step. Refer 
to this while reading the text and you'll have an almost-immediate grasp of what is going 
on from input through output! 



required to assemble a 16-bit memory system. There is 
another 64K RAM chip which is organized as 16,384 
locations of 4 bits each. This part, designated the 4416, 
is available from Texas Instruments, Inmos, and Fujitsu, 
among others. The 16 bit data bus requirement of a 
7220 can be met using just four of these chips, thus 
reducing power dissipation and printed circuit board 
complexity The use of the 4416 actually helps to 
reduce chip count further as it has a separate output 
enable pin which can be used to tri-state its data lines. 
This feature allows very tight coupling between the 
display memory and the 7220 which helps to simplify 
PC layout further 

Texas Instruments has recently announced the 4464 
and NEC, the 41254, dynamic RAM chips which are 
organized as 65,536 locations of four bits each. These 
parts are housed in the same 18-pin package as the 
4416 and allow easy system upgrades. The Grafex 
circuit, for example, has been designed to address the 
additional memory provided by these parts and 
expansion of the Grafex circuit from 32 Kbytes to 128 
Kbytes is accomplished simply by replacing the 4 
display RAM chips. 

Circuit description 

Referring to the block diagram of Figure 1 and the 
schematic of Figure 2, it can be seen that the Grafex 
circuit can be broken down into five sections. These 
sections are a) the uP bus interface, b) the 7220, c) the 
display memory, d) the video output circuitry and e) 
the timing generator 

The 7220, IC1, communicates with the host 
microprocessor over its eight bidirectional data lines. 
IC11, A 74LS245 is used to provide buffering and IC2, a 
74LS00 is used to convert the Apple's R/W and DS 
signals into the 8080-type RD and WR signals used by 
the 7220. The Grafex circuit uses four of the 16 
addresses assigned to the peripheral slot in which it is 
installed in the Apple II, These addresses are used to 
select the command and parameter registers of the 
7220 and to control the video changeover relay latch, 
IC7. The addresses and their functions are listed in 
Table 1 which will appear in a subsequent issue. The 
reset line on the Apple bus is connected to this video 
relay latch to force a default on power up to the Apple 
video signal. 

The 7220 communicates with the display memory 
over its 16 multiplexed address/data lines, labelled 
ADO-AD15 on the block diagram. The CAS latch, IC12, 
a 74LS374, is used to latch the high order 8 bits of 
addresses and then to sequence them onto the 8 RAS/ 
CAS address lines of the display memory This is a 
tight-coupled design from the standpoint of data and 
address multiplexing. The low address/data path from 
the 7220 carries, in sequence, the row addresses, 
column addresses, and finally the low byte of display 
memory data. The high byte of display memory data is 
carried over a separate path directly to the 7220 AD8- 
AD15 pins. 

The display memory 1C13-IC16, has a multiplexed 8- 
bit address bus and a 16-bit data I/O with separate 
output enable. Like other dynamic RAM arrays, the 



eight row address bits are first strobed into the on-chip 
latches, then the eight column address bits are 
presented on the address lines and finally these are 
strobed into the memory After access time 
specifications have been met, the data is read during a 
read cycle or written during a write cycle. The 4416 
and 4464 parts have a separate output enable pin 
which allows data to be read from the selected 
address location but not presented on the output pins 
until needed. This "G" pin allows a fast (40 ns) turn-on 
of the output buffers to supply data to the external 
circuit when needed later in the read cycle. In this 
manner, the eight row/column address lines can serve 
also as the low 8-bit data corridor to and from the 
7220 and video shift register without the need for an 
external tri-state buffer This kind of coupling facilitates 
printed circuit board layout and improves reliability by 
reducing the circuit inter-connections. 

The 16 bits of data read from the display memory are 
presented to two 8-bit parallel in/serial out, shift 
registers, IC17 and IC18. These 74LS166 shifters serialize 
the 16-bit data into a video bit stream which is clocked 
at the 16 MHz dot-clock rate. The blanking, Hsync, and 
Vsync signals from the 7220 are brought into line with 
data by means of the 74LS174, IC19. It is loaded by the 
same load/shift signal as ate the shift registers. 

The video-bit stream is gated with the 7220 blanking 
signal by IC4 and then mixed with the composite sync 
provided by exclusive-or gate IC5. The video amplifier, 
consisting of Q1 and Q2 provides a standard 1 volt P-P 
composite video signal into 75 ohms. This composite 
video signal is routed to the video changeover relay, K1 
and K2, which selects either the Grafex video or an 
external input as the source for the video monitor. 
When the Grafex board is installed in an Apple II, the 
external input is normally connected to the Apple's 
video output connector and the changeover relays 
output connected to the system video monitor 
Alternatively two monitors could be used to 
simultaneously display Grafex and Apple video. The 
video changeover relay is software actuated and 
defaults on reset to the external input, allowing the 
Apple system to be operated normally after power up. 
In this way, unless the Grafex board is specifically 
addressed, a user need never be aware of its existence. 

The timing generate)!; comprised of the 16 MHz 
crystal and 1C3, IC4, IC6, IC8, IC9, IC10, and IC20 
provides the various clock and control signals used in 
the system. All timing is derived synchronously from 
the 16 MHz clock. The timing generator has two modes 
of operation depending on whether the 7220 is 
executing a display cycle or a RMW, (read, modify, 
write), cycle. These two types of cycles are 
differentiated by the DBIN pin of the 7220. The 7220, in 
turn, uses as its master clock, a 2 MHz signal labelled 
2Xwc1k. This clock, as its name implies, runs at twice 
the display word rate and all internal timing of the 7220 
is derived from this signal since 16 pixels comprise one 
16 bit word of display memory the 2Xwc1k used in this 
design is 2 x 16 x 65 ns = 500 ns or 2 MHz. 

That's all the space for now We'll continue this article 
next month. 
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How many of these questions 

can you answer? 

) Every circuit has a beginning and an ending Where does this 
circuit begin ? 

!) Specifically, what is the purpose of this circuit ? 

i) What turns it on ? What turns it off, or does it ever really turn off ? 

() Does this circuit have a shut down feature ? If so, which com- 
ponents are involved ? 

5) What would happen if Q103 were to become shorted E to C ? 

>) What purpose does Z1 15 serve ? 

7) What would happen if D1 14 became shorted? 

3) What purpose does C126 serve? What will happen if C126 
becomes open ? 

9) Is the winding between terminals 3 and 4 of the flyback a primary 
or a secondary winding ? 

3) What purpose does C117 serve ? Exactly what does it do, and 
exactly how does it do it ? 

1) Exactly what do resistors R113. 114, 115, 116, and 117 do? 
What happens if they change value? 

2) What occurs that causes this circuit to produce an initial start up 
pulse ? 

3) Why does this entire circuit become shorted and begin to destroy 
horiz output transistors if the regulator SCR becomes shorted ? 

i) There is exactly one safe and practical method of circumventing 
this LV regulator circuit for test purposes. This technique does 
not involve a variac. Instead, you must disconnect one wire then 
connect a jumper wire from terminal #4 directly to 
Which wire do you disconnect and where do you connect the 
other end of your jumper wire ? 

5) If SCR1O0 is shorted, this circuit will still "eat" horiz output tran- 
sistors even if you are using a variac. Why ? 

6) Why does this circuit use a floating ground ? 



We publish a monthly magazine called the Technician / Shop Owners 
Newslelter. Each month we take a popular circuit and absolutely 
diasect it. 

Using color coded pictorial schematics such as the one above, we 
"map out" every action in the overall sequence of events that must 
take place during each and every cycle. 

Beginning with the very first "action" in the sequence (which just 
happens to be depicted in the above schematic) we explain exactly 
what is taking place. We then explain the function of every componenl 
in that portion of the circuit. After explaining the function of each com- 
ponent, we show you how to troubleshoot that particular "action" or 
function. 

After reading our newsletter on this circuit, you could answer all of the 
above questions as fast as anyone could ask them. In fact, you will 
then know everything there is lo know about this circuit. Including how 
fo troubleshoot it I ! 

Regardless of whether you work on TV sets, stereos, radios or 
computers, just having the ability to "diasect" an electronic circuit 
(any circuit) is worth a fortune. In reality, "diasecting" is exactly whal 
our newsletter is designed to teach you. 

Because of the manner in which our newsletter is written. the subject 
matter that is gained from each monthly issue is so extremely broad 
that it will "spill over" into your everyday troubleshooting routine, and 
be applied to totally unrelated circuits. 

This entire training program sells for only 119" per year (12 seperate 
issues). Virtually every one of our subscribers agree that no other 
publication is as informative. By using the attatched order card you 
can purhase the first three of fifteen issues for only $29". Just these 
three issues alone will vastly improve your knowlege of electronics. 

For immediate service call your order into us at (806) 359-0329 or 
(806)359-1824, 

Diehl Publications, 6661 Canyon Drive Bldg. E, Amarillo, Texas 79110 



Antique 
Radios 



Early radio history 

AFTER DISCUSSING OUR ANTIQUE RA- 

dio of the month, we'll explore 
some of the history of electricity, 
magnetism, radio, and related dis- 
ciplines. It's a long history lesson, 
so you'll have to wait until next 
month for its conclusion. 

Antique of the month 

You'll never guess the make of 
the antique radio shown in Fig. 1. 
Actually, it's a composite — it's 
made up of components that 
weren't assembled together origi- 
nally. Composite antiques like that 
are not unusual. During the lean 
1930's, the radio enthusiast often 
assembled his set from other peo- 
ple's cast-offs, it's possible that 
your antique is one of those com- 
posites — which doesn't make it 
any less valuable as an antique. 

In the1920's and earlier, all radi- 
os were, in a sense, composites. 
Early radio enthusiasts had com- 
plete knowledge of both chassis 
and cabinet construction. If 
you've got one of those home- 
made composites, you've got a 
real "one-of-a-kind" that may be a 
valuable link in the evolution of 
radio. 

If you have a chassis and a cab- 
inet left over, feel free to make 
your own composite, as I did. Take 
the usual precautions pertaining 
to exposed high voltages, and 
provide some means of heat ven- 
tilation. Do a good job, and you'll 
g have a fine conversation piece. 
z My composite has a cabinet 
§ made by E. T. Earl. It pre-dates the 
o 1930's, and I got it without the orig- 
in inal chassis; so I had to alter the 
5 cabinet to accommodate a Zenith 
5 chassis I happened to have on 
tr hand. The beautifully-worked es- 




FIG.1 



cutcheon from that cabinet will go 
in my collection. The chassis that I 
used to fill the cabinet is about 
seven years newer than the cab- 
inet itself. I wanted to mount a 
Wave-magnet antenna (from an- 
other Zenith) inside the cabinet as 
well. Unfortunately, it doesn't fit, 
so I may have to mount it on the 
back {or on the top) of the cabinet. 
In general, you can be a little more 
creative than usual when "restor- 
ing" a composite. 

Early radio 

In the past, we limited our dis- 
cussions mostly to radios origi- 
nally manufactured in the era from 
the early 1930's to the mid 1940's. 
But radios from that era were con- 
sidered modern by some readers 
who have been involved with radio 
since the 1920's, or even earlier. 
They built their chassis from mail- 
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order parts and instructions in ra- 
dio magazines like Modem Elec- 
trics (an early Cernsback publica- 
tion). Then they built or purchased 
a cabinet to house that chassis. We 
haven't talked much about radio 
before the 1 920 's, but that's when it 
really took off in a commercial 
sense. However, before we talk 
about the '20's, we'll go back even 
farther to gain some historical per- 
spective on the development of 
the radio arts through the ages. 

Ancient history 

In ancient Greece, around 600 
BC, the philosopher Thales 
noticed that rubbing a piece of am- 
ber caused it to attract small bits of 
material. That's the earliest record 
of static electricity. In Greek, the 
word for amber is elektron, and 
that's the root of many words we 
use every day 

Magnetism, too, was known in 
ancient times; for example, the 
Greek playwright Euripides men- 
tioned, in 425 BC, that lodestone 
attracts iron. The word magnetism 
comes from the town in Asia 
Minor, Magnesia, where 
lodestones are found. 

Saint Augustine discussed mag- 
netism and electricity in the late 
fourth and early fifth centuries, 
AD, but little else happened 
throughout the dark and middle 
ages. In fact, it wasn't until the 
Renaissance when electrical and 
magnetic phenomena were again 
investigated in a scientific manner. 
William Gilbert, physician to 
Queen Elizabeth, built a device for 
detecting electricity that he called 
an electroscope. Gilbert was the 
first person to use the word 
electric in English. Later in the 17th 
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century, Sir Isaac Newton did 
some work with electricity, but 
things really took off in the 18th 
century. 

Many phenomena were dis- 
covered then, including the dif- 
ference between insulators and 
conductors, and the difference 
between "positive" and "negative" 
electricity. Ben Franklin per- 
formed his famous kite experi- 
ment, which proved that elec- 
tricity and lightning are different 
manifestations of the same phe- 
nomenon; the leyden jar was dis- 
covered in 1745/6. 

The leyden jar 

Several investigators simulta- 
neously discovered a device that 
we now consider to be the first 
capacitor (or as readers of this col- 
umn used to say, condenser). The 
leyden jar is named after the Dutch 
town of Leyden (also spelled 
Leiden); leyden jars were used by 
all early investigators to experi- 
ment with static electricity. 

The leyden jar is lined, inside 
and out, with thin, conductive 
foil; those linings are the "plates" 
of the capacitor, and they con- 
dense, or store, a large quantity of 
electricity. The leyden jar must be 
used on a non-conductive table 
top, and the glass jar must be kept 
dry. The jar is charged by touching 
a charged plate to the brass ball on 
top. The jar is discharged by using 
a wand to short the ball and the 
foil-lined outer surface of the jar. 
The wand has two brass balls con- 
nected by stiff wires; the wires ex- 
tend from an insulated handle 
held by the experimenter. 

Adams, in the late 1700's, and 
Matte ucci, in the 1820's, worked 
with leyden jars. Their work cen- 
tered around inducing reactions at 
a distance of several feet. Riess 
and Henry also experimented with 
the Leyden jar, as did Paazlow and 
Lodge, who worked with huge, 
oversized Leyden jars. Sir Oliver 
Lodge, with his syntonic (literally, 
in harmony with, or "tuned with") 
leyden jars, probably made the 
most important contributions to 
the field of radio. Variations on the 
leyden jar were used in many early 
electrical appliances. 

Other discoveries of the late 
1700's included Coulomb's for- 
malas that quantify the attractive 



forces of electricity, and magne- 
tism. Galvani discovered a biolog- 
ical phenomenon that was the 
forerunner of the electrical stor- 
age cell, or battery; later that de- 
vice was refined by Volta. 

The1800's 

The nineteenth century was the 
real Golden Age of electrical dis- 
covery and invention. Among the 
more important discoveries were 
those of Oersted, who showed 
that an electrical current could de- 
flect a magnet, and Faraday, who 
did experiments that eventually 
led to the electric motor. 

The German Georg Simon Ohm 
discovered the mathematical rela- 
tionship we now call Ohm's law in 
1825. Later, Henry and Faraday in- 
dependently discovered mutual 
induction, and shortly thereafter 
Henry discovered self-induction. 
Gauss built a rudimentary tele- 
graph, and, in the U. S., Morse 
made a practical instrument of it. 
Possibly the most important the- 
oretical breakthrough was that of 
James Clerk Maxwell, who found a 
way of mathematically relating 
light, electricity and magnetism. 

Many useful devices were in- 
vented in the 19th century, includ- 
ing Alexander Graham Bell's 
telephone (1876), and Edison's in- 
candescent bulb (1879). Edison 
also came up with the idea of plac- 
ing a second element in the light 
bulb, and that, without a doubt, 
opened the door for many experi- 
menters. However, the Edison 
Effect, as it was called, lay dormant 
for over ten years. 

In 1888 Rudolf Hertz provided an 
experimental verification of Max- 
well's theories, and that is what led 
to practical radio transmission as 
we know it. A year earlier, Hertz 
had demonstrated that both send- 
er and receiver had to be tuned to 
the same frequency for long-dis- 
tance communication to occur. 
And Marconi made one of the first 
long-distance (nine miles!) radio 
transmissions in 1897. 

In the late 1800's the need for 
standardizing electrical units was 
recognized. The International 
Electrical Congress, meeting in 
Paris, convened a commission to 
study the matter in 1881. 

We'll continue our look back at 
radio in our next column. R-E 
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I see IC's everywhere! 
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THE FRENCH USED TO CALL A TRAN- 

sistor "La bete noire avectro is par- 
tes, " or, the black beast with three 
legs. I guess they would call an IC 
"La bete noire avec quatorze pat- 
tes," or, the black beast with four- 
teen legs. IC's are still somewhat 
mysterious to many of us, but they 
needn't be. If you think of them in 
terms of functional blocks, much 
of that mystery evaporates with the 
morning dew. 

For example, the ECC742 shown 
in Fig. 1 is a complete TV sound 
system with a detector and a two- 
watt audio output. Every TV set 
must have some sort of detector, 
as well as an audio power stage. 
The IC just combines them in one 
package, and you should trou- 
bleshoot the IC just as you would 
troubleshoot a circuit made up of 
discrete components. Using a 
scope, check the inputs and then 
the outputs. The signal at the 
sound detector's input should ap- 
pear as on any TV set, and so 
should the output. And the audio 
stage is even easier to trou- 
bleshoot. If you find a good-sized 
gain, the chances are that that 
stage of the IC is still in good work- 
ing order. 

But if you're not convinced, 
check the voltage at each pin; a 
schematic of the TV you're work- 
ing on is essential fordoingthat. If 
one or more of those voltages are 
off, chances are that the IC is bad. 
Otherwise you'll have to check 
elsewhere. A discrete component 
connected to the "trouble" pin 
may have gone bad, for example. 

We find very few "weak" IC's 
(unlike tubes). They're almost al- 
ways either good or bad, not 
somewhere in between. The sup- 
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ply voltage is fed to pin 11 of 
many — but by no means all — non- 
digital IC's, Always check the sche- 
matic to be sure. 

Sometimes you can let your fin- 
gers do the checking. Apply a fin- 
gertip to the case of an IC you 
suspect is bad. Most IC's run as 
cool as a clam. I don't have exact 
figures on clams' case tem- 
peratures, but experience has 
shown them to be pretty cool. So, 
if you find a hot one (an IC, not a 
clam), the chances are that it has an 



internal short. Of course, power 
IC's (as in our example in Fig. 1) 
may dissipate enough power to 
run fairly warm, or even hot. 

So, the best way to check a sus- 
pect IC is with an oscilloscope. By 
comparing the input and output 
signals you can tell instantly 
whetherthe IC has any gain or not. 
And most analog IC's have at least 
some gain. Even sync-separator 
IC's have some perceptible dif- 
ference between the input and 
output signals. It often helps to 
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use a known input signal (from a 
sweep generator, for example) for 
signal tracing. That makes it easier 
to tell whether an IC is doing the 
right sort of processing. 

IC removal 

Finding a bad IC is often the 
easiest part of a repair job! Remov- 
ing an IC can be a real pain unless 
you use the right tools. Probably 
the best all-round tool for IC re- 
moval is the "solder-sucker" type 
of soldering iron. That tool has a 
hollow tip and a teflon-lined 
squeeze-bulb. You must fit the 
hollow tip around the leg of the IC 
(or any other component, for that 
matter) and sqeeze the bulb. 
When the solder melts, simply re- 
lease the buib. If everything goes 
right, all solder from the joint will 
be sucked up inside the bulb. If 
you follow that procedure for each 
IC pin and do a careful job, the IC 
should just drop out. 

But don't get frustrated if it 
doesn't! If you yank the IC out, 
you're liable to destroy the little 
hollow cylinder of plating that con- 
nects the top and bottom sides of a 
double-sided PC board. Or you 
might rip up some of the copper 
traces. So be very gentle, and as- 
sume that at least one pin, and 
probably a lot more, will require 
extra attention before the device 
can be safely removed. 

Another IC remover that comes 
in handy once in awhile works like 
this: A spring-loaded clamp is at- 
tached to the IC from the fop side 
of the board. A soldering iron with 
a special tip having dual parallel 
bars is then pressed to the bottom 
of the board. The bars melt all the 
joints of all the pins at once, and 
then the spring pulls the IC out. 

In theabsenceof fancy tools like 
those, clip all the legs of the IC as 
near the plastic package as possi- 
ble. Remove the "body" of the IC, 
and then use needle-nose pliers to 
pull the pins one by one from the 
top of the board, while heating the 
pad from below with a soldering 
iron. It's tedious removing an IC 
that way, but it works. Clamping 
the PC board in a vertical position 
will allow easier access to both 
sides of the board. 

So, don't be confused by IC's. 
Just think of them in terms of the 
functions they perform, and go on 



about your troubleshooting in the 
usual way. Check the input and 
output of each stage; and if either 
is off, check signals at the other 
pins. If anything differs drastically 
from what is shown on the sche- 
matic, see if any external compo- 
nents (RC networks, for example) 
could be causing that difference. If 
not, the IC is probably bad, so re- 
place it carefully. R-E 

SERVICE 
QUESTIONS 

B+ TOO LOW 

While working on a Teknika, 
model 3249, i found the B + adjust 
not working and the B + voltage too 
high. I later found that the regulator 
transistor was shorted, so I replaced 
it. With a new one in, B+ is now too 
low, and I still get no reaction from 
the B + adjustment. Please help! — 
L W. Baltimore, MD 

You have a two-stage regulator 
in that set, so it couldn't be sim- 
pler. The B+ adjust sets up the 
operating voltages of the error am- 
plifier by altering its base voltage. 
The emitter, being directly cou- 
pled to the base of the regulator, 
causes shifts in the output voltage. 
Under the circumstances, I would 
certainly want to look at the error 
amp. Needless to say, there are a 
number of other components that 
must come under close scrutiny as 
well: both Zener and standard di- 
odes, and so on. 

WHAT KIND OF SCOPE FOR TV? 
/ want to buy an oscilloscope for 
TV servicing. What's the best 
kind?—M. R., Lutherville, MD. 

I've always said that it's easy to 
pick out a wife, a suit of clothes, 
etc., but you've got to be careful in 
choosing test equipment. Se- 
riously, there are a lot of good 
scopes available. Heathkit, B & K, 
Hickok, Tektronix, and many 
others all make scopes, and you 
can't go too far wrong with any of 
them. I've got six of various makes, 
and they're all good. My sugges- 
tion would be to try the Old Pro- 
fessor's Famous Test for Whisky: 
Pour some in a glass and drink it! 
In other words, arrange for a dem- 
onstration in your shop and try dif- 
ferent several models. R-E 
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fed to output-buffer gates lC4-b 
and 1C4-C, which are wired in par- 
allel to provide additional drive ca- 
pability. The width of the output 
pulse is about 150 microseconds, 
which should be sufficient for 
most TTL and CMOS circuits. If 
you need a longer (or shorter) out- 
put pulse, connect a precision 
monos table between the IC4-b- 
IC4-c output pins and your exter- 
nal circuit. 

There are two other means by 
which IC2 may be reset. When 
power is initially applied to the cir- 
cuit, pin 13 of IC4-a is held low for 
about 20 milliseconds, as deter- 
mined by the R2-C3 time constant. 
During that time pin 11 of IC4-a is 
high, and that resets IC2. A reset 
pulse is also generated each time 
momentary switch S1 is pressed. 
Whether it comes from STs being 
depressed or from a power- up se- 
quence, the reset pulse is also 
buffered by gate lC4-d; that signal 
may be used to synchronize exter- 
nal circuitry. 

The circuit may be built in any 
convenient manner; just be sure 
to keep lead lengths short. Mount 
the crystal near IC1, and use sock- 
ets for all IC's. If you need a highly- 
accurate pulse-source, substitute 
a 50-pF trimmer capacitor for C2 
and adjust it while observing a fre- 
quency counter connected to pin 
7 of I CI. You should be able to 
drive several TTL loads with the 
circuit as shown, but if more drive 
capability is necessary, connect a 
4049 inverter in series with the out- 
put. 

The MM5369 is available with 
several different division ratios 
that provide 50-Hz (MM5369EYR) 
60-Hz (MM5369AA) and 100-Hz 
(MM5369EST) outputs. Make sure 
you get the correct part! 

If you need an oddball reference 
frequency (2 Hz, 3 Hz, 5 Hz, etc.) 
you can alter the reset/output 
pulse rate by NANDing various 
combinations of IC2's outputs. For 
example, if you needed a 2-Hz VA>- in 
second) output, you'd need to § 
count 30 pulses before resetting > 
1C2. To do that you'd need to nand < 
IC2's Q2, Q3, Q4 and qs outputs. m 

— Chester C. Roher § 
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Z80 demo program 



NOW THAT WE'VE BUILT OUR Z80 SYS- 

tern, the time has come, as they 
say in Transylvania, to bring it to 
life. When the circuit is powered 
up, the un-enlightened among 
your friends might get the impres- 
sion that it's not doing anything. 
However, we in the know are per- 
fectly well aware that it is doing 
something — it's waiting for us to 
teil it what to do. When it comes to 
microprocessors, there's one 
thing you should always re- 
member: obedience and stupidity 
are twin virtues. 

If you've done your homework 
and read up on the ZSO's instruc- 
tion set, and programming tech- 
niques in general, you may have 
come to the realization that our 
circuit is pretty limited. We've got 
a fair amount of program storage 
space in the EPROM, but RAM 
storage is limited to theZ80's inter- 
nal registers, and our one-way I/O 
leaves a lot to be desired. So can 
we do anything with our circuit 
that is at all useful? 

Let's take things one step at a 



time. First we'll write a short demo 
program to make sure the circuit is 
working. Then we'll talk about 
how we can expand the circuit to 
make it easier to accomplish 
something really useful. But be- 
fore we start, I should mention 
that we're not going to go into the 
software in any great depth; we 
simply don't have the space. If 
you're familiar with any kind of 
programming at all — even in the 
BASIC language — you shouldn't 
have any trouble following our dis- 
cussion. Otherwise you will have 
trouble; so get out those data 
books and start reading! 

Now for the demo program. 
Here, and throughout the rest of 
this column, all numbers will be in 
hex, unless otherwise specified. 
Now, since we've got a four-bit 
port, let's write a program that 
causes the Z80 to output values 
from to F to that port. 

Software design 

Writing software is similar to de- 
signing hardware. The first thing 



TABLE 1— EXAMPLE PROGRAM 





Line 


Address 


Op Code 


Source Code 


Comments 




0000 


AF 


X0R A 


Zero the Accumulator 


2 


0001 


26 0F 


LD H,0F 


Set the display number 




3 


0003 


2EA0 


LD L,A0 


Set the loop counter 




4 


0005 


7C 


LDA,H 


Load the Accumulator 




5 


0006 


D3 FF 


OUT (FF),A 


Send It to the latch 




6 


0008 


C3 1 1 00 


JP0011 


Go to delay subroutine 


to 
9 

z 
o 
a 

LU 
6 
Q 

3 


7 


000B 


25 


DECH 


Decrement port count 


8 


000C 


2D 


DEC L 


Decrement loop counter 


9 


000D 


C2O5 00 


JP N2 0005 


Do again if not zero 


10 


0010 


76 


HALT 


End of the program 


11 


0011 


11 83 8B 


LD DE.8B83 


Preset the delay loop 


12 


0014 


1B 


DEC DE 


Decrement the counter 


13 


0015 


C214 00 


JPNZ0014 


Jump back if not zero 


14 


0018 


C3 0B00 


JP 000B 


Return if finished 




ROBERT GROSSBLATT 

CIRCUITS EDITOR 



SE T T///NOS UP AND LOAD 
TNE REG/STERS fMTJt TPE 
NUMBERS W£ WA/JT TO 



LOAD 0FH m WE A REGIS- 
TER AS T//E f/R5T NUM- 
BER To PUT Y/V THE LATCH 
AND D/SPLAY 



SEND /T To WE LATCtf SO 
/T CAN BE D/SPLAYED WIW 
AEDS OR A 7 SEGMENT 
D/SRLAY 



LET THE D/SPLAY BE 
STAT/C FOP A NALF SEC- 
OND OR So W/TMOUT 
C//AA/G/NG 



SUBTRACT 1 FROM 7NE 
PALUE D/SPLAYED 7//EJ/ 
SUBTPACT f FROM 7A/E 
/LOOP COUNTER 




Ei/VD 



FIG. 1 

to do is to get a clear idea of what 
you want to accomplish. With 
hardware you draw a block di- 
agram; with software you draw a 
flowchart, like the one shown in 
Fig. 1. The flowchart lets you see 
the way the program is going to 
operate without getting lost in a 
maze of low-level details. The flow 
of a small program like ours is 
more or less intuitive, but drawing 
flowcharts is a good habit to get 
into. Remember Crossblatt's 
Fourth Law: You have to know the 



112 



rules to break the rules. In other 
words, don't look for shortcuts 
until you know where you're 
going. 

Our flowchart is easy to under- 
stand. First we initialize things by 
loading appropriate values in the 
registers {which we'll think of as 
RAM). Then we send the number 
to be displayed to our latch. We 
wait for half a second, decrease 
the display number by one, and 
then do it all over again. That's re- 
peated over and over until the dis- 
played number is zero. 

The actual program listing is 
shown in Table 1; the Z80 instruc- 
tions should be self-explanatory 
now that we understand the 
flowchart. The final version of the 
program added one thing not 
shown in the flowchart: a loop to 
repeat that whole process ten 
times and then quit. We use the H 
register to store the number we 
want to display, the L register to 
keep track of the number of times 
we've gone through the loop, and 
the DE register pair to keep track 
of the elapsed delay time. 

The first instruction, xor a, is a 
neat way to clear the accumulator 
using only one byte of program 
memory. What happens is that 
every bit in the register is xoR-ed 
with itself. We could get the same 
result by directly loading the ac- 
cumulator with zero, but doing it 
that way takes two bytes. 

The more bytes used, the longer 
the program gets, the more time it 
take to run, and the more memory 
it uses. That's not important in our 
demo program, but another good 
habit to develop is that of saving 
memory, increasing speed, or 
both, as in the present case, by 
using "tricks" like that. Also, and- 
ing, OR-ing, and xoR-ing a register 
with itself is useful for manipulat- 
ing the Z80's flag bits with a single 
instruction. Any good book on 
programming the Z80 should be 
loaded with tricks like those. If 
they're not there, it's not a good 
book. 

So, after initializing the regis- 
ters, line 5 of the program sends 
the number to be displayed to the 
latch. If you're wondering why I'm 
using an out (ff), a instruction, 
you should re-read last month's 
column. The fp is the address of 
the port I want the number sent to. 



We could actually use any number 
because our circuit doesn't de- 
code I/O ports, so any out ins- 
truction will wind up sending data 
to the latch. In a more complex 
system we'd have address-decod- 
ing circuitry that would select the 
proper port. In our circuit, the ad- 
dress lines are used only to load 
program instructions and data 
from the EPROM. 

Our program now jumps to the 
delay loop that begins at line 11. 
We use the delay to slow down the 
program so you can see the count- 
down on LED's. Just connect them 
to the outputs of the latch with 
330-ohm resistors. If you're really 
ambitious you could build a dis- 
play circuit to have the output ap- 
pear on a seven-segment readout. 

Without the delay loop, the pro- 
gram would cycle so quickly that 
you wouldn't be able to see any of 
the individual numbers. I used a 
full register pair to set up the delay 
time because the d and e registers 
together will allow any value up to 
FFFF. 

Calculating the length of the de- 
lay isn't difficult. Each ZSO instruc- 
tion takes one or more clock 
cycles, called J cycles, to execute. 
The number of cycles depends 
partly on the length of the instruc- 
tion. Each trip through our delay 
loop takes 14 T cycles. Since we 
have a 1-Mhz clock, or close to it, 
each cycle will takel microsecond 
fora total of 14 microseconds. If we 
want a delay of half a second we 
have to generate a loop that lasts 
half a million microseconds. Di- 
viding 500,000 by 14 we get 35,714, 
or 8B83 hex. 

Normally such a delay would be 
set up as a subroutine, callable by 
other routines in the program. But 
since we have no RAM, we can't do 
a subroutine call, because the ZSO 
automatically stores — in RAM — 
the address it is to return to after 
executing the subroutine. So we'll 
have to write our program without 
subroutines. We simply jump to 
and from the delay "subroutine" 
using |p, ratherthan using call and 
ret (cosub and return, for you 
BASIC programmers). 

We have a few more things that 
we need to talk about, but not this 
month; unfortunately we're out of 
room. We'll get to those topics the 
next time. r-e 
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VIDEO LINK 



continued from page 55 
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+ 5.5 volts at the emitter of Q7, and check 
for +4. 5 Vat the collectors of Q4 and Q5. 
The emitter of Q7 may show 4-7 volts — 
that's OK. Also, Q7 will normally run 
somewhat warm to the touch. 

If all DC voltages check out, you can 
begin alignment. First, check the voltage 
at the collector of Q5. As you ground the 
base of Q6, that voltage should increase to 
over 10 if the modulator is working. 

Next, connect the RF probe to the junc- 
tion of C3 and CS . Tune L4 until Ql starts 
to oscillate, as indicated by a reading of 
0.5 to 1. volts on the VOM. Now connect 
the RF probe to the base of Q3 and spread 
or squeeze the turns of both L2 and L3 to 
obtain maximum voltage. Now connect 
the RF probe to the base of Q4 and adjust 
the turn spacing of L5 and L6 for a max- 
imum voltage. Now, re-adjust L2, L3, and 
L4 to maximize the voltage reading. Con- 
nect the voltmeter to the base of Q5 and 
adjust trimmers C22 and C25 for max- 
imum reading. Re-adjust L5 and L6. 

Now connect the dummy load to J2, 
and connect the RF probe across that load. 
Adjust C22, C25, C28 and the tap posi- 
tions on both L8 and L9 until no further 
increase in output can be observed. 

If one stage has no output, the cause 
may be misalignment of (or circuit trouble 
in) the preceding stage. It may be neces- 
sary in some instances to add or subtract a 
turn from L2, L3, L5, or L6 if proper 
adjustment cannot be obtained by adjust- 
ing turn spacing. If a coil's turns are 
spread far apart, and the alignment calls 
for even more spacing, a turn should be 
removed. On the other hand, if a coil has 
to be "crushed" together, add a turn. (But 
make a new coil rather than splicing on 
more wire.) 

Now tune the TV receiver to the trans- 
mitter's output frequency. You should see 
a blank raster when the transmitter is 
turned on. Connect a video signal to the 
input jack (II) and adjust video level so 
that a stable picture is obtained. Increase 
the video level until tearing or rolling de- 
velops; that indicates sync -tip compres- 
sion. Retime the Q4 and Q5 stages for best 
picture quality without tearing. 

Adjust C36 for clearest audio while ap- 
plying an audio signal to C38. Be careful 
not to overdeviate or misadjust ihe 4.5- 
MHz oscillator frequency. A frequency 
counter can be helpful for that. Connect it 
to the emitter of Q7 and adjust C36 for a 
frequency of 4.500 MHz with no video 
input (short R21 to ground). 

That completes alignment and testing 
of the wireless video link. A very short 
antenna (about one inch) connected to a 
51 ohm resistor makes a good limited- 
range antenna. For greater range, a six- 
inch whip antenna could be used. R-E 
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That isolating impedance is either an in- 
ductor (with a value between 50- and 500 
u.H) in power-line hybrids, or, as shown in 
Fig. 9, a resistor (whose value is typically 
a few tens of ohms) in signal-line applica- 
tions. 

Designing transient suppressors 

The most severe source of power- line 
transients is a lightning stroke. Therefore, 
most suppressors are primarily designed 
to protect against lightning. Most of the 
energy associated with a lightning stroke 
is in the form of common-mode current 
and voltage. However, due to unequal wir- 
ing parameters and the fact that common- 
mode suppressors are not perfectly 
matched (do not suppress equally), some 
differential-mode energy will also be 
present. Thus, a lightning-protection net- 
work should incorporate both common- 
and differential-mode protection. 

Varistors, which are commonly used as 
suppressors on household AC power lines 
(117 volts), are available from a number of 
electronics suppliers. When selecting a 
varistor for a particular application, you 
should consider the nominal operating 
voltages and currents that the circuit will 
see, and the maximum surge voltage and 
current that are likely to be encountered. 
In addition , the suppressor must be rated 
to withstand the energy that it will need to 
dissipate. In the case of 117-volts AC, as 
stated previously, the most powerful tran- 
sient that is likely to occur will have a 
peak voltage of 6000 and a peak current of 
up to 200 amperes; that's a fairly sizeable 
wallop. If the suppressor clamped that sur- 
ge voltage at 500, the amount of energy 
that the suppressor would need to absorb 
would be approximately 0.8 joule. Lower 
clamping voltages will mean that the sup- 
pressor will have to absorb more energy. 

In addition to power lines, varistors de- 
signed to protect low-voltage circuits (as 
low as 5 volts) arc available. The selection 
of such a varistor follows the same general 
procedure as above. 

Silicon avalanche suppressors also are 
commonly used to protect low-voltage 
systems. For instance, to protect sensitive 
CMOS devices on a PC board, a 5-volt 
SAS could be connected between the 
power and ground connections on the 
board. Data lines similarly could be pro- 
tected by installing SAS's between the 
lines and ground. 

The suitability of an SAS for a par- 
ticular application is determined by it 
power rating. Those power ratings range 
from 500 watts to several kilowatts. An 
SAS with a power rating of 1000 watts, 
that is designed to clamp the voltage at 5, 
can handle surge currents of up to 200 
amperes. R-E 
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At this point you are ready to attach a 
TV (or a video monitor) and an audio 
amplifier to the receiver. CAUTION; Dis- 
connect the receiver from the AC voltage 
source while hooking up everything. 
After everything is hooked up. reconnect 
the receiver to the AC voltage and follow 
these steps; 

1 — Turn on the receiver and adjust the 
transponder tuning control to receive 
a picture. Adjust the skew control and the 
polarity switch for the best picture. 

2 — Adjust C71 for maximum contrast 
in the picture. Gently compress and ex- 
pand L2's coils slightly while observing 
the picture on several different channels. 
Adjust L2 for the best picture. 

3 — Adjust RI09 for the best picture. 
Video level is controlled by that potenti- 
ometer, as is contrast. If it is adjusted to 
too high a value, a buzzing sound may be 
heard in the audio when lettering appears 
on the screen. 

4 — Set the subcarrier tuning 
control to the center position, and set the 
bandwidth switch lo wide. If no sound 
is heard, adjust Rl 12 slightly. If nothing 
but noise is heard, adjust C72 until the 
audio comes through. That can be a 
"touchy" adjustment. Get it close, and 
then try fine-tuning the front-panel con- 
trol. Once the sound is heard, readjust 
R112 for best audio. 

5 — Aim your dish at Satcom F-3, and 
tune in the appropriate transponder for 
either WTBS or WGN. Set the band- 
width switch to narrow, and then slow- 
ly turn Ihe subcarrier control counter- 
clockwise from center. Several FM-radio 
programs should be heard. Adjust Rill 
for the best sound. 

6 — Adjust R107 for full-scale meter de- 
flection when receiving the strongest sta- 
tion in your area. 

7— Trimmers R102 and RI04 may need 
to be adjusted slightly in order to make 
R 103 correspond with the markings on the 
front panel. Set the transponder tun- 
ing control to the number of the lowest 
transponder channel received in your area 
and adjust R104 for best reception. Then 
set the panel control to the number of the 
highest channel in your area and adjust 
R102. Those adjustments will interact 
slightly, so go back and forth until both 
channels come in correctly. 

At this point you can sit down and relax: 
you've got a fully- functional satellite-TV 
receiver! We have stuck pretty much to the 
basics in this article, but if you need more 
information, be sure to consult the man- 
uals that accompany your LNA, down- 
converter, feedhorn and dish. Also, see 
"Installing Your TVRO, *' which ap- 
peared in the lune and July 1985 issues of 
Radio-Electronics. R-E 
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MARKET CENTER 



FOR SALE 



RESISTORS WW.WW5%C.F. 3 cents. 1%Metal- 
films, custom wirewounds, capacitors and other 
components. J R INDUSTRIES, 5834-H 
Swancreek, Toledo, OH 43614. 

TUBES, new, unused. Send self-addressed, stamp- 
ed envelope for list. FALA ELECTRONICS. Box 
1376-2. Milwaukee, Wl 53201 

DESCRAMBLERS for downconverters. High gain. 
Send $2.00. RB ELECTRONICS. P.O. Box 643, 
Kalamazoo, Ml 49005. 

ELECTRONICS catalog. Over 4,500 items. Parts & 
components. Everything needed by the hobbyist or 
technician. $2.00 postage & handling (States only). 
refundable with firsl $15.00 order. T & M ELEC- 
TRONICS, Depl. R, 472 East Main Street, 
Patchogue. NY 11772. (516) 289-2520. 

TV tunable notch niters, free brochure. O.K. VIDEO, 
Box 63'6025, Margate, FL 33063. (305) 752-9202. 

BUGGED? Wiretapped? Find out fast. Counter- 
measures equipment catalog $1. CAPRI ELEC- 
TRONICS, Route 1R, Canon, GA 30520 

ASSORTMENT #103— consisting of 
TOKO coils 144LY-120K, 520 
HN-3000023, BKAN-K5552AXX (2); 
PCB; transistors 2N3904 (2) BFQ85 
(sub); IC's 7812, 74123, MC1330A1P; 
Diodes 1N914, 1N5231B, Only $25.00. 
Coils (only) $8.00/Set. AC adapter 
$6.00. Free shipping. MC/VISA/COD. 
Toll Free 1-800-821-5226 Ext. 426 (or- 
ders). JIM RHODES, INC, 1025 Ran- 
some Lane, Kingsport, TN 37660. 

LASERS and nightvision surplus components. Free 
catalog. M.J. NEAL COMPANY, 6672 Mallard Ct.. 
Orient, OH 43146. 

CABLE-TV converters and descrambters Low 

prices, quality merchandise, we ship C.O.D.. Send 
$2,00 for catalog. CABLETRON1CS UNLIMITED, 
P.O. Box 266, South Weymouth, MA 02190, 



Quality Microwave TV Antennas 



I 

Mulli-Ch annel 1 .9 to 2.7 GHz 
1 4QcfB Gain True Parabolic 20 Inch Dish 
.^Jk Complete System $84.95 (Shipping incl.) 
H Dealerships. Qty. Pricing, Replacement Pari* 

I phiiiiBs-Tacli Electronics 

HMf P.O. B0K 34772 • PtlOMIIX. 17 B5067 
lifetime 1B02] 947-7700 |S3 00 Credit ill pfctmortirsll 

WARRANTY MntirCirit • Vis] • COD'S 



CB'ERS only: antennas, radios, modulators, 

voice scramblers, frequency expanders, modifica- 
tions, goody boxes, professional repairs, much 
more! free catalog. PRESIDENT CB SALES. 101 
W. Adams-12, Long Beach. CA 90B05, (213) 
631-3552. ^__ 

R E ST R I CTEO technical informational: electronic 

surveillance, schematics, locksmithing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chure: MENTOR-Z, 135-53 No. Blvd.. Hushing, NY, 
11354. 

TUBES, name brands, new, 80% off list KIRBY, 
298 West Carmel Drive, Carmel. IN 46032. 

ZENITH SSAV1 Manual. Original manual used by 
technicians. Theory of scrambling, schematics 
parts list, repair for UHF and cable. For speedy 
delivery send S15.00. cash or money order. BAY 
STATE ELECTRONICS. P.O. Box 263, Accord. MA 
02018 

FREE importer accessories catalog, video audio, 
others. With business card write, 17 BANNER 
COURT. East Brunswick. N J 08616. 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 



OLDTIME radio programs on high quality tapes. 
Comedy! Adventure! Music! Free catalogue, CARL 
F. FROELICH. Heritage Farm. New Freedom, PA 
17349. 

CABLE- TV Secrets — the outlaw publication the ca- 
ble companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
pliers list included. $8.95. CABLE FACTS, Box 711- 
R. Pataskaia. OH 43062. 



ELECTRONICS, exclusives, surplus and more 
Send $1.00 (refundable) for two discount catalogs. 
Add another $1.00 and get 15 assorted transistorsl 
JELKINS, 311 Shirley Street, Boston, MA 02152. 

5-BIT 5 Mhz AID converter priced at $5.00 per bit- 
hand selected 0,5% Vishay resistors give 10-bit ac- 
curacy. Order DA175. $25.00 each. 2V*" square 
module. D1PAC ASSOCIATES. 645 Executive Ctr. 
□r. #204, West Palm Beach, F! 33401 . 



CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Radio-Electronics Classified Ads, 200 Park Avenue South, N.Y., MY. 10003 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 

special headings, there is a surcharge of $23.00. 

( ) Plans/Kits ( ) Business Opportunities ( ) For Sale 

( Education/Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $23.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 

(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 



10 



11 



12 



13 



14 



15 ($42.75) 



16 ($45.60) 17 ($48.45) 



18 ($51.30) 



19 ($54.15) 20 ($57.00) 



21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71 .25) 



26 ($74.10) 27(376.95) 28(579.80) 29 ($82.65) 30 ($85,50) 



31 ($88.35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75) 

We accept MasterCard and Visa for payment of orders. If you wish louse your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 



Card Number 



Expiration Date 



Please Print Name Signature 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 
CLASSIFIED COMMERCIAL RATE: (for firms Or individuals offering commercial products or services) 
$2.85 per word prepaid (no charge for zip code).. .MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues: 10% discount for same ad in 12 issues within one year: if prepaid. NON-COMMERCIAL RATE: [for 
individuals who want to buy or sell a personal item) S2.30 per word, prepaid.... no minimum. ONLY FIRST 
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50* 
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT 
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD 
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: S4.30 per word 
prepaid. All other items same as for STANDARD COMMERCIAL RATE, TINT SCREEN BEHIND ENTIRE 
EXPANOED TYPE AD: add 25% premium to total price TINT SCREEN BEHIND ENTIRE EXPANDED 
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS; 1" x 2'/."— 
$310.00:2" x 2'/*"— $620.00: 3" x 2V«" — $930,00, General Information: Frequency rates and prepayment 
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS 
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHEH 
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on Ihe 12lh Of the third 
month preceding the date of Ihe issue, (i.e., August issue copy must be received by May 12th). When normal 
closing date fails on Saturday. Sunday or Holiday, issue closes on preceding working day. 
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Govt. SURPLUS 
ELECTRONIC 
EQUIPMENT 



New ITEMS . . . New BARGAINS! 

CDCC SEND TODAY FOR FREE COPY 

rn " OF CATALOG WS-85 AND 

SUPPLEMENT • ADDRESS: DEPT RE 



FAIR RADIO SALES 

1(116 I EUREKA ■ Bo« 1105 ■ LIMA OHIO • 4S8D2 



CABLE-TV source book — a complete listing of sup- 
pliers lor hard-to-find converters, descramblers, 
technical information, schematics and much much 
more. Full refund if not satisfied. Send $4.95 lo 
CABLE, Box 12505-R, Columbus. OH 43212. 

MICROWONDERLAND. Commodore computer's 
parts! KIM-1 computers, accessories! Thousands 
IC's by mail! Free 64KDRAM sets! Discounts! Cata- 
log— $3.00! K. BOUFAL— CONSULTING SER- 
VICES, Fitzwater, Philadelphia, PA 19147. (215) 
925-6469. 

TECNICA 140'channel cable converter lor fully re- 
mote sound and video unit only S1 49.00. Jerrold 
LCC58 converter only S79.00. Jerrold DRZ450 
converter 90/channel auto tuning only S79.00. All 
units carry full manufacturers warranly.Specials 
while they last. For catalog send S3.00 Thanks. 
REDCOAT ELECTRONICS, PO Box 28504. Ja- 
maica. NY 11428. (718) 459-5088. 

LINEAR parts, tubes, transisters— MRF454 
$16,00, MRF455 $12.00, MRF4 77 $11.00, MRF492 
S18.00 Catalog RFPC, Box 700. San Marcos. CA 
92069. (619] 744-0728. 



SCHEMATICS: radio receivers 20s 60s. Send 
brandname, model number, SASE. EARL 
SCARAMELLA. Box 1, Woonsocket. Rl 02895- 

0001, 

TEST equipment, reconditioned. For sale. $1,25 for 
catalog. WALTER'S, 2697 Nickel. San Pablo. CA 
94806, (415) 724-0587. 

CATALOG TV descramblers, cable converters, mi- 
crowave converters, satellite systems, many types, 
kits or built. $1.00. MINUTE KITS, Box 531, West 
S.Q. Bronx. NY 10461. 

CABLE- TV converters — All major brands. Wireless 
remotes with volume, wired remotes. Cable and vid- 
eo accessories. Cablemaster distributor Lowest 
prices. Ship COO.. Catalogs $3.00. SON E ASSO- 
CIATES, 5 Broadway, Suite 201 , Troy, NY 12180. 
(518) 274-0608. 



WRITE FOR 




McGEE'S 



SPEAKER & ELECTRONICS CATALOG 

t<XM BARGAINS IN SPEAKERS 
loll free 1 -800-346- 2433 for ordering only. 

1901 MCGEE STREET KANSAS CITY, MO, 64106 

100W audio amplifier. Less cabinel and power 
supply. $35 assembled. GIL ELECTRONICS. Box 
1628,Soquel, C A 95073. 

PRINTED-circuit artwork developed from your 
schematics & packaging considerations. Profes- 
sional, reasonable, fast! OEM inquiries invited! 
PRINTED CONCEPTS. (414) 442-4548. 

CABLE-TV filters for elimination of undesirable Sig- 
nals. (50 dB. notch) Channels available: 2 through B: 
14(A) through 20(l). Send S20.00 each. Money 
back guarantee. Quantity discounis. CATV. Box 
17621, Plantation. FL 33318. 

ELECTRONICS circuit analysis program Com- 
modOre-64. Disk tape only S27.00 INFO COMPUT- 
ERCATIONS, Box 79, Farmington, CT 06032. 



BREAKING your windows may be burglars" only 
entrance into your vechicle with this security sys- 
tem. Send $5.50 for plans A & A ENTERPRISE. 
P.O. Box 6818. Biloxi, MS 39532. 

SELL blank video cassettes. Super high 
grade Olympia VHS T-120. Fully guaran- 
teed. Only S3.49 your cost. Order in lots 
of ten. Add $5.00 shipping & handling 
each order. STRANDBERG, 1001 S. 
ELM Street, Greensboro. NC 27406. 
Telephone (919) 274-3775. Check, 
M.O., VISA or MasterCard account 
number & expiration date. 

RESISTORS— any value quantity. Vt watt S.01, Vz 
watt (S1.00 minimum]. Quantity discounis, 1,000 
plus. Send wattage(s), value(s). quntity(s), and re- 
mittance, T.O.R.C.C.C. ELECTRONICS, Box 
47148. Chicago, IL 60647. (312) 342-9171. 

CABLE and Subscription TV secret manual. Build 
your own descramblers, converters. Instructions, 
schematics, lor sinewave, inband.outband gated 
sync. SS AVI— (HBO, Showtime, Cinemax, UHF. 
etc.) Send S8.95 to CABLETRONICS, Box 
30502R, Bethesda, MD 20814, 

ADAPT any CRT tester to test all CRTs. Patented 
kit w sockets, manual. Money back guarantee. 
Charge-cards'CODs. Phone today for fast ship- 
ment. S59.95. 1-800-331-9658. DANDY ELEC- 
TRONICS, 2323 Gibson, Muskogee. OK 74403. 

GIANT electronics parts grab bag! $5 postpaid. All 
new pans Resistors, IC's, caps, transistors, coils, 
Zeners, etc. Prime qulity components!! Big assort- 
ment. Money back guarantee! GE Ni-Cad sticks: 
7.2VDC— 1.2 AH. New! $6. Motorola full wave 
bridge: MDA920A7. Mini size. 1.5 amps 600 PIV. 
Special: 2 S1 or 10 $4 Postpaid. Write for new cata- 
log. ODD BALL ELECTRONICS. P.O. Box 879. 
Duncanville. TX 75138. 

DESCRAMBLER plans. New design decodes 
gated sync suppressed signals — newest pilolless 
method. Circuit boards, most parts from Radio 
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2 Marlborough Road • W. Hempstead, N.Y. 11552 

TOLL FREE i IN NEW YORK 

1 -800-645-351 6 1 -800-632-3323 

CIRCLE 272 ON FREE INFORMATION CARD 



n 



Now! A triple output 

lab power supply 

for $149.95. 




For $149.95, this lab quality power supply 
gives you 3 completely isolated outputs: two 
variable 1 .5-20 VDC at 0.5 amp and a fixed 5 
VDC at 1 amp — the same as the $300 units. 

The MFJ-4002 It American made and design- 
ed for heavy use. 

You'll get plenty of voltage and current for 
your analog and digital circuits. It's ideal for 
education, circuit design, product develop- 
ment, testing, quality control and production. 

You can connect the output* In serial or paral- 
lel tor higher voltage or current, it's short cir- 
cuit protected, has excellent line regulation 
(typically 0.01 %/V) and load regulation [typi- 
cally 0.1%). Two large 3 Inch precition meters, 
monitor voltage and current simultaneously 
and are lighted for easy reading. It's ruggedly 
built with heavy guage aluminum so you'll get 
many years of trouble free service. 12x3x6 
inches. 110 VAC with 3 wire safety plug. 

800-647-1800 

Order from MFJ and try It. It not satisfied, 
return within 30 days for refund (less shipping). 

One year unconditional guarantee. 

Order today. Call TOLL FREE 800-647-1800. 
Charge visa. MC or mail check, money order. 

MFJ Enterprises, Inc. 
921 Louisville Road 
t ■ ■ ■■ m S t arkvllle, MS 39759 . 

CIRCLE 1D5 ON FREE INFORMATION CARD 





One tree can make 
1,000,000 matches. 



r 



One match can burn 
3,000,000 trees. 
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Shack. Detailed theory, drawings, schematics, in- 
structions $14.95 plus $2.00 Shipping. DIHIJO 
CORP.. Box 212. Lowell, NC 28098. 

CIRCUIT boards: Your artwork, quick delivery, rea- 
sonable. ATLAS CIRCUITS. Dept A, PO Box S92. 

Lincolnton, NC 28092. (704) 735-3943. 

PICTURE (Iyer lists quality electronic surplus at low 
prices. Since 1970, Send for the last 3 issues. 
STARTRONtCS. Box6S3, McMinrwille. OR 97128. 
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Increase channels, range, privacy! We specialize 
in frequency expanders, speech processors, FM 
converters, PLL & slider tricks, how-to books, 
plans, kits. Expert mail-in repairs & conversions. 
1 6- page catalog $2 



CBC INTERNATIONAL. P.O. BOX 315DOFIE. 
PHOENIX. AZ 85046 (602) 396-8700 



WHOLESALE audio, video, telephone accesso- 
ries, antennas, cartridges. Free catalog. (718) 897- 
0509. D & WR, 68-12 110 Slreet, Flushing. NY 

11375. 

CABLE and satellite equipment: Major brands. 
wholesale prices. Free catalog. HMR SALES, 221 
East Camelback. Phoenix. AZ 85012. [602} 993- 
0398. 

TI-99/4A software' hardware bargains. Hard-to-find 
items. Huge selection. Fast service. Free catalog. 
DYNA, Box 690, Hicksvllle. NY 11801 



PLANS AND KITS 

CATALOG: Hobby<broadcasling,<1750 meters/Ham 
CB: transmitters, amplifiers, antennas, scramblers, 
bugging devices, more! PANAXIS, Box 130-F2. Par- 
adise. CA 95969. 

CABLE-TV Converters: Jerrold prod- 
ucts include "new Jerrold Tri-Mode", 
SB-3, Hamlin, Oak VN-12, M-35-B, 
Zenith, and more. UHF Deluxe II kits. 
(Quantity discounts) 60 day warranty. 
Repairs of cable converters. For fast 
service C.O.D. orders accepted. Send 
S.A.S.E. (60 cents postage), or call for 
info., (312) 637-4408. HIGGINS ELEC- 
TRONICS, 5143 W. Diversey, Chicago, 
IL 60639. No Illinois orders accepted. 

BUILD this five digit panel meter and squarewave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. Refun- 
dable plus 50 cents. BAGNALL ELECTRONICS, 
179 May, Fairfield, CT 06430. 

UHF gated-pulse descrambler plans wilh simu- 
lated stereo output. Watch your favorite movies with 
the realism of stereo. Booklet contains detailed 
schematics, instructions & theory. S12.00 DEL- 
PHONE INDUSTRIES. Box 150, Elmonl, NY 11003. 

PROJECTION TV .convert your TV to project 7 foot 
picture. ..results comparable to $2,500 proj- 
ectors... total cost less than 530.00... plans and 3 
lens $19.95. ..illustrated information free. MAC- 
ROCOMA-GE, Washington Crossing, PA 18977. 
Creditcard orders 24 hours (215) 736-3979. 

CRYSTAL radio sets, plans, parts, kits. Catalog 
$1.00. MtDCO, 660 North Dixie Highway, Hol- 
lywood. FL 33020. 

HI-FI speaker kits, auto speaker systems and 

speaker components from the world's tinest man- 
ufacturers. For beginners and audiophiles. Free lit- 
erature. A & S SPEAKERS, Box 7462R, Denver, 
CO B0207. [300) 399-8690. 

UNCYPHERS American and Canadian satellite or 
cable, latest technology available. Plans & boards. 
Kits or complete. Send $5.00 for catalog. Refunda- 
ble on order to PILGRIM VtOEO PRODUCTS, Box 
203. Oak Street, Pembroke, MA 02359. 

ROBOT control board. Build your own for under 

$50 00 Let your computer control 8 lights, motors, 
or appliances. ALEX HOCHHAUSL. 868 Park Ave., 
Huntington, NY 11743. 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 



CABLE-TV 




BONANZA! 



ITEM 



RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) 



PIONEER WIRELESS CONVERTER (OUR BEST BUY) 



LCC-58 WIRELESS CONVERTER 



JERROLD 450 WIRELESS CONVERTER (CH. 3 OUTPUT ONLY) 



SB ADD-ON UNIT 



BRAND NEW — TRIMODE UNIT FOR JERROLDS 



MINICODE(N-12) 



MINfCODE (N-12) VARISYNC 



WINiCODE VARISYNC W/AUTO ON-OFF 



M-35 B (CH. 3 OUTPUT ONLY) 



M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) 



MLD-1200-3 (CALL IF CH. 2 OUTPUT) 



INTERFERENCE FILTERS — CH. 3 



JERROLD 400 OR 450 REMOTE CONTROLLER 



ZENITH SSAVI CABLE READY [DEALER PRICE BA$ED ON 5 UNITS) 



SPECIFY CHANNEL 2 or 3 OUTPUT 



SINGLE 
UNIT 

PRICE 



29.95 



88.95 



92.95 



105.95 



DEALER 
10-UNIT 

PRICE 



18.00 ea. 



72.00 ea 



76.00 ea 



90.00 ea 



109.95 58.00 ea 



Call tor specitics 



1 09.95 58.00 ea 



119.95 



179.95 



139.95 



' 99.95 



109.95 



24.95 



29,95 



62.00 ea. 



1 1 5.00 ea. 



70.00 ea 



125.00 ea. 



58.00 ea 



14.00 ea. 



18.00 ea 



225.00 185.00 ea 



Other products available — Please Call 



Quantity 


Item 


Output 

Channel 


Price 

Each 


TOTAL 
PRICE 
































































SUBTOTAL 




from shipping any cable deserambling unit 
to anyone residing in the state of California. 

Prices subject to change withoul nolice. 


Shipping Add 
$3.00 per unit 




COD & Credit 
Cards — Add 5% 




PLEASE PRINT 


TOTAL 





Name 



Address 
State 



Xity. 



□ Cashier's Check 

Acct# 

Signature 



.Zip 

□ Money Order 



. Phone Number ( ) 

□ COO D Visa 
Exp, Date 



□ Mastercard 



FOR OUR RECORDS: 

DECLARATION OF AUTHORIZED USE — I, the undersigned, do hereby declare under 
penalty of perjury that all products purchased, now and in the future, will only be used on cable 
TV systems with proper authorization from local officials or cable company officials in 
accordance with all applicable federal and state laws. 



Pacific Cable Company, Inc. 

7325% RESEDA BLVD., DEPT. #JJL • RESEDA, CA 91335 
(818)716-5914 ■ No Collect Calls • (818)716-5140 



IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in your area. Thank You 



DO 
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SATELLITE TELEVISION 

BUILD your own Satellite-TV receiving system 
and save! Instruction manuals, schematics, cir- 
cuit boards, parts kits! Send stamped envelope 
for complete product listing: XANDI, Box 25647, 
Dept, 21 X, Tempe, AZ 8S282. 

SATELLITE systems $449. Name brands. Quantity 
discounts. Information $1.00. Catalog $2.00. STAR- 
LINK, INC., 2603-16R Artie. Huntsville, AL, 35805. 

ENJOY satellite television. Save money with easy, 
guaranteed, do-it-yourself antenna plans 'kits. Com- 
plete systems also available from Uniden, Raydx & 
Winegard, Send $1.00 for catalog or $8.95 for "Con- 
sumer Guide to Satellite Television. "GFI-54, Box 
9108, Missoula. MT 59807. ^^_ 

DON'T trade in old satellite-TV receiver to get re- 
mote control. Channel Wizard B remotely controls 
tuning, polarity, and connects from outside satellite 
receiver. IR version including transmitter, $69.00 as- 
sembled, $39.00 kit. Wired version $39,00 as- 
sembled; $24.95 kit. Add $2.00 shipping. Specify 
PRI or PRII. Send M.O. or cashier's check to: OR- 
ANGEBURG TECHNOLOGIES, INC., 1830 Five 
Chop Rd.. Orangeburg. SC 29115. Send self-ad- 
dressed stamped envelope for info. 



SATELLITE TV VIEWERS 

Get the most complete weekly listings 
Send $1 for sample copy. 



E5 1 T. 






P.O. Box 308E, Fortiina, California g5540 

*00-3J8-9977 (U.S.) • IOO-SJ*-l7l7 (Calif.) 

707 - 71 S- 1476 (all others) 



Save hundreds of S. Install your own satellite sys- 
tem. Complete instruction includes installation and 
tuning $9.95. Catalog of satellite systems and ac- 
cessories. Top brand, low prices, $5.00 B & T 
ELECTRONICS. Box 3158 Grand Rapids, Ml 
49501. 



MASTERCARD AND VISA are now accepted 

for payment of your advertising. Simply 
complete the form on the first page of the 
Market Center and we will bill. 

SUPER LNA kits, dx TV preamps, microwave com- 
ponents. IR detectors. LSI. Box 7553, Jackson. MS 
39204. 

SPECIAL-satellite receivers, Uniden 1000 only 
$279.00, owners manual included; great for updat- 
ing your older system. Certified check-money order. 
LEE'S TV, Box 234. Syracuse, KS 67878. 

THE next generation of satellite systems is here! 
Popular EchoStar system, scramble-ready. $599 00 
complete! With installation guide. VISA.'Mastercard. 
2002 INNOVIA, INC.. Box 2002, Gardnerville, NV 
89410. (800) 628-2828 ext. 519 

THE LNA specialists! Brand name, lowest noise, 
lowest prices! We will not be undersold! Send for 
prices: LNA. 201 E Southern, Suite 100, Tempe AZ 

S52S2. 

E-Z Satellite Kit™. Complete satellite system 
$995.00 and $1995.00 computer print- out of your 
location $9.95. MasterCard/VISA. IN-X-SALES. 
Box 45, Tilton. NH 03276 (603) 286-3082. 



THE BEST PLACE [o SUY. SELL or 
TRADE NEW jnj USED EQUIPMENT 

NUTS & VOLTS MAGAZINE 

BOX 1 1 1 I -E • PLACENTIA. CA 52470 

(7H) 631-7711 

Join Tooosandi of Rezden Nationwide 

Every rtontri 

ONE TEAR U.S. SUBSCRIPTIONS 

S 10.00 - 3rd CI Ml • SI 5.00 - lit CtM 

fifi SJS.M - Lifetime - 3rd CIue 2 



HAM SEAR 

cOHruTEn* 

SCANMEJU . QfTlCa 

TEST EQUIPMENT 

MKHOWAVE 

TATELIITE 

AUCHC- VISUAL 

HeW PAODUCTl 

COHPOHEHTI. » KITS 

ANTIQUE ELECT. 

,LM-M[n„., 

rLWii • UkvECtl 



LOST 



LOST! One 24-hour, 24-karat golden day. Each hour 
studded with 60 diamond minutes. Each minute 
studded with 60 ruby seconds. But don't bother to 
look (or it. It's gone forever. That wonderful golden 
day that I lost today— DENNIS E. WAIT LEY 



BUSINESS OPPORTUNITIES 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness — without investment. Write: BUSINESSES, 
92-R, Brighton 11th. Brooklyn, NY 11235. 

RECOVER pure gold from old circuit boards, com- 
puters, electronic junk. Easy method. Send S5.00 
RECYCLING. Box 11216R, Reno, NV 89510-1216. 

PROJECTION TV... make $$$s assembling proj- 
ectors... easy... results comparable lo $2,500 proj- 
ectors... your total cost less than $20 .00... plans, 8" 
lens & dealers information $17. 50... illustrated infor- 
mation free...MACROMA-GFX Washington Cross- 
ing, PA 18977. Creditcard orders 24 hours (215) 
736-2880. 

YOUR own radio station! AM, FM. TV. Cable. Li- 
censed unlicensed. BROADCASTING. Box 130- 

F2. Paradise. CA 95969. 



ELECTRONIC 
ASSEMBLY BUSINESS 



Start home, spare lime, investment knowledge or 
experience unnecessary BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business oppor (unity. 

FREE: Complete illuslrated literature 

BAflTA. RE-0 Box 248 

Walnut Creek. Calif, 94597 



INVENTORS 



INVENTORS can you profit from your idea? Call 
AMERICAN INVENTORS CORPORATION for free 
information , Over a decade ol service. 
1-800-338-5656. In Massachusetts call (413) 
568-3753. 

VIDEOTAPES CONVERSION 

OVERSEAS videotapes lo American, viceversa. 
Dual system videos, televisions, discounted. AP- 
PLE. Box 642, NY 11377. (718) 507-5800 
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1 5 Pin Header I Muting Sockot. 
Vert MT/PC 

.1 56" Carriers , s/1 .00 

Crystal Clock Oscillator so 

3,a00n F 35V AXIAL- iWx TO - Nlch Z ' 9S 

Colli For Radio Elec's F«». 34 TV 
Project, Toko #'S T-1. T-f, L-1 (12uH) 
a LI (.071 uH) Complete Set Ot All 

4 Coils a .50 

MCI 330- Prime IMOto) 2/1.00 

BFQ-85 Transistor 1.50 

Disc Caps .001 ul 20/1.00 

74133-FiimefNa!) 3/100 

470111 35V (Radial! . . 3/1.00 

470ut IGVjAuai) . 4/1 DO 

2N3904 ... 10/1 00 

2IJ3906 10/100 

1N914 40/1.00 

IN4148 40/1.00 

1N5231B 1.5.1 V.Zener Dicdet 5/1.00 

voliaaeHeguialois(PnmeTt>220)...7S05. 

7B1 2.7624, 7905. 79 1 2-Ml*orMatch-3/1 .00 
Mica Insu lators For TQ-220 Pka. ... 20/ 1 .00 
Voltage Reg's (Unmarked. erjflfc. Prime} May 
Include Positive/ Weg 4 Adiust . ... 1 5/1 .00 
7flLOHVoltageReg(DM106.TO-92).20/1 00 

PN2222A 20/1.00 

2N3055 SO 

2N5308 20l\ .00 

15Cent(.1S)e»rlCTTL 

7403 7442 74126 

7404 7450 74151 
7410 7474 74163 

7437 7476 74365 

7438 7495 
7440 74107 

15 Cent (15| Per IC74LSXX 

74L502 74LS32 74LS158 

74L50B 74LS74 74LS174 

74LS10 74LS66 74LS257 

74LS20 74LS153 74LS273 

20 Cent (.20) Per IC CMOS 

4001 B 401 1&4050B, 40518 

MC63S(DTL| 10/100 

Opto Isolator (HI 1G2-6PIN01P) Specs .. .40 

2716 Eprom 1.4S 

2732 Eprom 1.9S 

2764 Eprom , 2.45 

271 28 EPROM 4.95 

256K Dram 150ns Prime H.lacbi (Ideal For 
Mac Uparadesfi Expansion Projects]. . . 4.95 

8243 (I/O Expander IC) W/Spece 2.B5 

u u N 6 n □ i Display u rive r tC-Specsl . 85 

U0N6126 95 

UCN 41 1 66-Osc/FEeq Div Clock IC-Specs- 5/1 
UCM4801 (BChanBeMosLatch/DriverHOO 

LM339 . 45 

LM380IULN2280I 45 

555 Timers (TJ) 4/1 .00 

NE556(DualTimer.M0l0). SO 

741 Op Amp 4 1.00 

LM 1310 [Unmarked. Tested Prime] . . .50 



LM18B9 ... Hb 

LM3900 48 

AM/FM Radio ICl«220<l VW Specs- Hobby! 

15/1 00 

IC Sockets 
8 PIN/ .07 14 PINT. 13 16 PIN/. 15 
18 PIN/. 17 20 PIN/. 19 22 PIN/ .21 

24P1N/.22 28 PI NJ 24 40P1N/.39 

7Seomen1Di5playl3'CommonCath) 15 
7 Sog menlDtsplayt.6"CommonAnn) .. 65 

Tn Stale LED's 3/1 00 

Jumbo Red LED's- Dittused Lens, Prime (Ti] 
All 1 00% Prime- 1 5/1 1 , 1 00/16 . 1 .00071 57 .50 

LED Mount i no CI ipsa Rings 15/1.00 

Texas 1nsl/-*994A Keyboard- mc/Oata For 
PrnsMadeWnenEachKevDepressed 4.95 
Dip Switch- 1 2 Position. , . 2/ 1 00 

Dip Switch-S Position 4/1.00 

Keyboard Push Bill ion Tops. . 30/1.00 

Audio Cable 30 Feel/1 00 

22AWGWire 50 Feet/ 100 

27AWGWire SOFeel/1.00 

Mini Lubricator l& Lubricant! 1.00 

Mo»iPins(7 Pm/Slript 100/S2.500/M.1K/SB 
Clock Module- Crystal Controlled. Green 
Display/ 1 2VDC/Ti me Set Swiltnes/Dala-4 95 
Rolary Switch (5 Position, 5A 125VI-3/1 00 
Giant Alpha Numeric Display 1-1/2' X 2" 
7X5(35 Total) Red LED MalnK/Specs-4.95 
1 1 LED Bar Graph Olsplay-2-3/4", Reel 
LED'stSpeciry Red. Grn.Amb) Specs ... 2 69 
Seven A mp (71 Tapp*d Transformer-Can 8e 
WredForl7.5V 1 9V.15V.18V)fteoSlipg 895 
Wall Plug Trans1ormer-24V 525mA ISO 

6.3V 1 .2A Translormer 1 .20 

12V Center Tap Transformer 2 50 

SAMP 200V Sndee. Quick Disconnect (Gl) .95 

1N4007 20/1,00 

1 M5059 (200V 1 Amp) 15/1.00 

1 N8060 (400V 1 Amp) 10/1.00 

Zener Diodes- 20V 1W . . 30/100 
Ze ner D.odes- 1 3V 1 W Glass . , ,30/1 00 
2560.0 KC Crystal 50 

3 579s45ColorBiirstCrystal|HC-ia) SO 

1.0 Mhs Crystal. . 1 95 

60 Mhi Crystal 1.95 

TO-5HealSml<si@arnt 10/100 

TO-18 Heat Sinks (Demi 10/1.00 

Super Sub-Mini Ceramic Caps (All 1 00V) 

.001 5uf 100VI152) 30/100 

0022uf 10GV(182> 30/100 

0027ut100V(272i.. 30/100 

.0033uf 100V (3321 30/1 00 

0039ul 100V (392). ..., 30/100 

.:■:■.,: ■:.,,:, ■■ ,,.-.. 

0082ul 100V (822) 30/100 

4 7ul 40V Lytic (RadiaD ... ,20/100 
47ul 25V LytitlFBBiari . 10/100 

lOOOul 1 65V Twist Lock 1^0 

3200 ul 50V (Ideal For Power Supplies)- 1.00 
5600ul25V(CompGrade3-5/8"X1)-3/1.O0 

1 ut 50V Monolith ics 10/1.00 

.01 ul 50V Monolilhics 20/100 



ChipCaps-Set ol4, 2 Each 2.7 43.3pt-t.00 
33ul 1 00V Dip Mylar . . . ....... 10/1,00 

1.000 PC Resistor Ass' t (30 Values) 1 /2W-S3 

Pols-1 Meg. Linear Taper 5/1.00 

Motion Defector Bds (Inc IC-S2) ... 7/10.00 
Mot Del MC Only-ULN2232A) 3/S2-20/1 0.00 

Protect Box/ Lid For Detector 1 95 

Miniature Speaker For Detector .65 

Extensive Construction Arlicle For Del. $1 

TV Knobs 15/1.00 

Ammeter (0- 1 S AC. Amperes! , - 4.95 

Volt/OHM Meter MVMNT (0-1K OHM. 

0-300U) 2.95 

BV M ini al ure Gear Motor. ..t SO 

RF Chokes-1 .8uh. S.2uh. 1 2uh. 22uh- 1 0/1 .00 

40 Pin Flat Cable Socket Connector- Hood .40 
SO Pm Flat Cable Socket Connector Hood -50 
14 Pin Dip Header Plug Male (3M) .31 .00 

Mixed Connector Ass t 10/1.00 

15AMP50VSrFdge(GI.TO-5Pkci|, 50 

25AM P 200V Bridge (Solder Lug Term) 1 50 
ZenithTVRaplacementtC Special SI Each 
221-42, 221-43. 221-45, 221-48, 221-69, 
221-79,221-87.221-96, 221-104. 221-105, 
221-106.221-140 

2SD900 ( Ko rii Out put W/Oamper Diodel-2.95 
2SC1 1 72B (Toshib-Horiz Output Trans)- 1 .95 
Winegard 4 Bay Bowlie UHFAntenna-1 9.50 
IC Storage l Bunt Box (Holds) 30 ICs-1.75 
Precision (Multi-Turn) Trim Pots (Copal), 
100 OHM, 500 OHM, 1 K, 2K, 5K, 10K. 20K. 
50K. 100K.2QOK, 500K, 1M-85 Each-3/K 
PlharpT-IOVHorHtlSlnrjIa Turn) Trimmers 
100 OHM, IK, 10K.25K50K, 1O0K ...4/11 

Heat Sensitive Swilch/1 50' C. 10/1 .00 

Mixea Coil asst 10/1.00 

BuEiers 3/1.00 

Chip Hesislor (6.8K) 20/1 .00 

ChipResislor(470K) ....20/1.00 

Chip Cap t330pf) 20/1 .00 

Jumbo Red LEO W/Buiil In Hesistor-30/SI 
MRF 901 ( HottyQ rade-«0=» Goocl . . . 1 0/ 1 .00 
IC Ass' I (Hobby Grade. Some Markedi-30/$1 

20Cent(.20)74SCXX 
Series Special 

• Octal Intarfflca Circuits 

■ EqLjkit»n. To 74LSXK S*rl«j* 

■ Luw Pawar ISO-CMOS Technology 

• Short Propagation Delay 

• Improved No.ia Marglni 

• High Currant, SinkyScurcsCapabiltty 
74SC137-1 01 a Inverted Decode.'. Latcried 
74SC138-1 Of 8 Inverted Decoder 
74SC139- . Of 4 Verted Decoder 
7a.SC237'. Of 8 Non-inverted. Lalched 
74SC239-1 01 8 Non> Inverted 
74SC233-1 Of4 Non-Inverted 
74SC240-Octal Bufler/Une Driver-lnv 
74SC24i-Oclal Bufler/Lme Dfiver-N/I 
74SC244- Ocisl Buffer/ Line Dnver-Nr' I 
74SC245-Octat Bus Transceiver- JSlon 'I 

74 SC3 73-Tran3oare nl Lalch- Han/ \ nv 



74SC374-0 Type Flip-FJOp. Non/lnv 
74SC533-Tcansparenl Latch-Inverted 

74SCS34-0 Type Fhp-Flop. Inverted 
74SC540-OCO1 Byrfer/Lifte Onver-lnv 
74SC541 -Octal Bulfer/LineOnvei-N/l 
74SC563-Ti-anspairenl Latch. Inverted 
?4£C564-0 Type F1ip-Flop. Inverted 
74SC573-T«'3f.spai , en, Lalch Non/lnv 
/4SC&74-0 Type Flip-Flop. Non/lnv 
Data Bool 1 . For Ail Above #"s. 2 oO 



Cypher IV Micro-Controller Kit S1 23,50 
*4 MHt O-Bil Microprocessor" 

(NAT 1 NS8073J 

• Conlrol Basic Inl-erprelei' On-Chip 

• Autc-Slarl Operalion At Power- On 

• Fast i&-Bj! Ivlullfply And Divide 

• RS-232. Supports CRT a Sena I Lmfc 

• 24 Bi-Directtonal I/O Ljnes{S2S5Ai 

• RAM htemory-^K Expandable To i6K 
■* Eprom Memoiy Expandable To i&K 

• Built In Eprom Programmer 

• ParriCenlronixJi Punter Interface 

• Optional Real-Time Clock W/Bachop 



Pay TV Hardware instillation Kit Blow Qui 

As Low A1S2.95 + *3.&D Shipping Per UnH 

All Kits Conlam S F Connectors. *Q0 lo ?% 

OHHBalun 300OHM Terminal Block 2 Ft 

75 OH M Patch Cord, 2 Ft 3G0 OH M Twin i ead. 

Nylon Cable Ties, And LfHF Anlenna 

Model #4124 *2. 95 Includes All 01 

The Above Plus 25 Feet Coaxial Cable And 

Mounting Hardware For Indoor Wall 'Ceiling 

Inslallalion 

Model *4S9CfS2.95 Includes AH Of 

The Above Ptus 25 Feel Coaxial Cable And 

Abraclive Expandable Poie'Li-BoU For 

Easy Indoor installation 

Model #4S45-S3.95 Includes All Ol 

The Above Plus 65 Feel Coaxial Cable And 

All Necessary 0- Bolt Hardware 



model 705 Digital Multimeter 



PC vcsims* ;..■,--, to 10COV 

AC VMhQm ICOhV (0 75OT * C ■< CkK, 

OCGurrtot Q.1|aA to 1QA fl rTl 1 

AC Current a.1*rAlo1CA ** m 

Mi-La 1*H*l*tC* rj.lQ 1d 20HQ 

CftpKllVKU Ipf to 20|UF 

pi&d* T»»i lofWKrd witigai 1»tlng 

Hpe lH-1 l.»r, it ■ I or InllntQ 



UHF-TV PREAMP 

(As featured in Radio E.ecl rentes March/ 
May articles. 1982) 

Tfiis inexpertSFve anteftns rnOLrnfflo* pre' 
amp can add mote than 25 dB ot g 3>n to 
your syslgm. Lots of $aii$tiwl customers 
and rtpeaf orders tor this high quality kit, 
which !?h-:\ !.■;.')'.■; ,v: component oarts. PC 
3D. Cass, Power Supply ana Baton $34 50 
Assembled Version , $5? 50 



Tmt MICRO-MART accepis Visa, MC and telephone COtTs. Mmifnum order Slfj.OO- Shtfioino-- 
U.S. orders. $2.00 Canada and Olfcr countries S3S0 (includes ins.} Shipping rate adjusted where 
applicable Nj resxfefils add 6% sales lax. 

MICRO iART * 501 CEKTBAl HE., WESTFiELD. KJ 07090 • [Ml] 6W-6O0S 
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Radio /hack Part/ Plaee 

OVER 1000 ITEMS IN STOCK AT OUR STORE NEAR YOU! 



(1) Plug-in PC Boards ( 4 > 

(3) 



.^masssssiiiiis^ 



(2) I 



■ 





(1) 44-Positlon Card-Edge Socket. Accepts plug-in PC 
Boards helow. #276-1551 2.99 

(2) Plug-In Board With HS-232 Ports. Ideal for compuler 
projects] Predrilled to accept two PC-type RS-232 connec- 
tors (such as FS »276-1S21). 4 5 /i8x 5»/w! Two buses. 1020 
holes in DIP patlern. S276 187 3,99 

(3) Multi-Purpos* Plug-In Board, A'hxA" wilh 'd»" grids. 

*276-1S2 2.99 

Three-Voltage Source Board. Three-bus version of Fig. 3, 
#276-154 2.99 

(4) Jumbo Two-Bus Board. 4'f2x9Vit* Accepts up to 24 
16-pin DIP sockets with plenty of room lor discrete compo- 
nents. Two buses. #276-190 5.9S 

Jumbo IC/Discrete Board. Like Fig. 4 Out accepts up to 40 
16-pin DIPS, Single bus. #276-191 5.95 



New "Hot-Line" Service 



Radio Shack 

Can Replace 

Almost Any 

ICor 

Semiconductor 




More Than 

200,000 

Substitutions 



No Minimum Order ■ No Postage Charge 

If the IC or semiconductor you need is no! part of 
our regular stock, our store manager will check our 
new in-store substitution guide and special-order a 
replacement from our warehouse. Your order will 
be sent ASAP to your Radio Shack store. We also 
offer this convenient service on selected tubes, 
crystals, phono cartridges and styli. 



Improve Your Project! 




Prices! 



(5) 120 VAC Cooling Fan. Ideal for comput- 
ers, hi-fi, Ham equipment. Up to 65 CFM, 11 
watts. 4'Vi6x4"/i6x2'/2': #273-241 . 15.95 

(6) Panel Voltmeter. 0-15 VDC. Perfect for 
monitoring car electrical system or a power 
supply, Z*U x 2 '/4 x 1 >/4". #270-1754 . . . 7.95 

(7) Two-Tone Piezo Buzzer. 100 dB minimum 
sound pressure level! 8-16 VDC, 2 3 /a" mount- 
ing hole centers. #273-070 8.95 



Join the Resistance 

{8) --^^ (9) 

(8) 15-Turn PC-Mount Potentiomers. 3/,,-walt. 10% 
tolerance. For critical fine-control and trimming. 



' 



Ohms 


Cat. No. 


Only 


looo 

10k 
20k 


271-342 
271-343 
271-340 


1.49 
1.49 
1.49 



(9) 50 Metal-Film Resistors. 1% tolerance. '/4-watt. 
Assortment includes 12 popular values ranging from 
10 ohms to one megohm. #271-309 Pkg, Of 50, 2.49 



Semiconductor Reference 
And substitution Guide 



New 1986 
Edition 

Complete data on 
Radio Shack ICs, 
SCRs, LEDs, diodes 
and optos. Plus "sub" 
listings for over 80,000 
semi types. Over 270 
pages. 
#276-4009 3.99 



Low-Cost "insurance" 




(in 



(12) 



(10) \ 

(10) Heavy-Duty Metal Oxide Varistor. Diverts 
power-line voltage "spikes'.' #276-568 1.69 

(11) Gas Discharge Tube. #270-811 2.49 

(12) Thermal Fuses, Used in coffee-makers and 
other healing devices. Rated 240 VAC. 10 amps. 



Breaks Circuit at 


Cat No 


Each 


139" C 
236' C 


270-1320 
270-1321 


.79 

7a 



Ready-to-Mount LEDs 



Enclosure and PC Board 



64K Dynamic RAM 



(13) 



(14) 




(13) Two-Color. Provides red 
and green output, A great 
mode or status indicator. 
Mounts in a 3 /s"-dia. hole. 
#276-025 1.49 

(14) Snap-ins. Red output. 
Mount instantly in 5 /is" holes. 
#276-018 Pkg. of 2^1.79 




only 



Each 



Big value in a small, rugged plastic enclosure. 
1 a eiex3 7 /i6x2Vte". Includes PC board with 4B3 
DIP-spaced holes, two labels, hardware, snap-in 
rubber feet. #270-291 2,99 



Wlfr 



Super 

Quality 



4164. Popular standard memory chip with 150 
ns access. Low-power design. Now's the time 
to upgrade your computer! #276-2506 



Capacitor Assortments 

' (15) 



/^A BONANZA OF SPECIAL-PURCHASE BARGAINS! \ 



A/ill 



(15) 100 Disc Capacitors. In- 
cludes NPOs. Hi-Qs, N-750S, 
Mylar and ceramic types. Pop- 
ular values, up to 1000 WVDC. 
#272-801 1-98 

(16) 20 Electrolytic Capaci- 
tors. Mints and subminis. Pop- 
ular values and sizes, up to 50 
WVDC. #272-802 1,98 



Switch Super-values 




(17) Lighted SPST Toggle. 
For 12 VDC use only, rated 5 
amps. Mounts in T lia"-<lia. 
hole. #275-680 2.S9 

(18) Flatted Lever Switches. 
Rated 6 amps at 125 VAC. 

SPOT. #275-635 2.39 

DPDT. #275-636 2.69 

DPDT Momentary. With 
spring return to center "off" po- 
sition. #275-637 2. 89 



DC Hobby Motors 



1 29 -U~>4 



Pkg. of 2 



Just right for model- 
making, solar power 
and robotics experi- 
ments, or rainy day fun for the 
kids! Require 1.5 to 3 VDC. Ap- 
prox. 1 3 /»" long x 7 /8" diam- 
eter. #273-205 






prewired Clock Module 
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MA3003D-2. Fluorescent display wilh 'rV'-high 
digits is easy to read, night or day. Perfect for 
vehiclesoryourowncustomapplication — requires 
12 VDC. P/sx 2Vax Vh". With data, #277-1021 



Prewired TV rf Modulator 

only 
495 



Ideal for use with 
computers, sat- 
ellite receivers, 
ATV, even cus- 
tom datacom systems and 
experiments (see 9/85 is- 
sue of Modern Electron- 
ics, page 53). #277-1015 



C3 




Computer Keyboard 




Very high-quality full-stroke matrix-output 
board with standard "QWERTY" layout 
plus cursor arrows, word processing and 
numbered funtions— total of 75 keys. Origi- 
nally produced for a computer system. 21- 
position ribbon cable connector. #277-1020, 



Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips, 
Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs, Rectifi- 
ers, Relays. Resistors, Switches, Tools, Transformers, Transistors, Wire, Zener Diodes, and morel 



Radio /hack 

A DIVISION OF TANDY CORPORATION 

Prices apply at participating Radio Shack stores and dealers 
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ESSES 



PERS0NALDEFENSEANDPHOPERTYPF1OTECTION 
— UTILIZE SPACE AGE TECHNOLOGY. 

f CAUTI ON THESE DEVICES CA N B E H ^RrjOUS AN D M AY SOON 

WBE ILLEGAL. 
POCKET PAIN FIELD GENERATOR — IPCS50 

Assembled $64.50 

IPG5 Plans J8.00 IPGSK KiVPIans S44.50 

PHASOR PA)N FIELD CROWD CONTROLLER — PPF10 

Assembled $250.00 

PPF1 Plans $15.00 PPF1K ...Kit/Plans. .S175.00 

_ BLASTER ■ Provides a plasma discbarge capable of puncturing 

I a can. Produces s 100.000 WATT PULSE. 
BLS10 ASSEMBLED S89.5" 
BL51 . . PLANS . . SI 0.00 BLS1K . . KTI /PLANS . . S69.50 
PL AS M A STU N GU N - Very inti midsti ng a rid affective 5 to 1 
feet 100,000 VOLTS 
ITH10 ASSEMBLED $99.50 
ITM1 . . PUNS . . $10.00 ITM1K . . KIT7PLANS . . $69.50 



? 



RUBY LASER RAY GUN - 1 niense visible red beam bums and 
welds hardesl of ratals. MAY BE HAZARDOUS. 
RUB3^H Parts Available tor Completing Devlce%20.00 
CARBON DIOXIDE BURNING. CUTTING LASER - Pro 
3 duces a continuous beam of higri energy. MA Y BE H AZARD O US 
■ LC5 At) Parts Available for Completing Device. .$20.00 

- visible LASER LIGHT GUN -producesintense red beam for 

- sighting, sporting, etc. Hand held complete. 

* LGU3 Plans 510.00 (Kit & Assembled Units Available) 

IKf IR PULSED LASEH RIFLE - Produces 15 30 watt infra-red 
pulses ai 200-2000 per sec 
LRG3 All Parts 8 Diodes A vaila ble $10 00 
BEGINNERS LOW POWER VISIBLE LASER - Choice .::' 
red. yellow . green — provides an excellent source of monocbromalic 
light 
LHC2 Plans 55 00 LHC2K Kit 534 50 



■ SNO O PER PHON E — Allows user to call his premises and lislen 
S inwithoutphoneeverringing 

a SNP20 Assembled 589.50 

3 SNP2 Plans ... 59 00 SNP2K Plans/Kit $59.50 

M m LONG RANGE WIRELESS MIKE - Miniature device clearly 
transmits well over one mile. Super sensitive, powerful. 
^ MFT1 Plans.. .. 57.00 MFT1K Plans/Kit $49.50 

9 WIRELESS TELEPHONE TRA NSMITTER - Transmits tottr 
sides of pbone conversa lion over one mile, sbu is oft automali caliy. 
VWPM5 Plans 58.00 VWPM5K ...Plans/Kit .539.50 
PWM5— LONG RANGE SUPER EAR WITH WIRELESS 
ATTACHMENT 
PWM5 . . . Plans ... $1 0.00 PWM5K . . Kit . . S1 39,50 
PWMSO Assembled and Tes ted $159.50 



I 



Our phone is open for orders anyfime. Technicians are available 9-11 
a.m .Mon-Thors lor Ibose needing assistance or inlor ma don. Send 
51 .00 for catalog of hundreds more simitar devices. Send cnet*. casb , 
M0. Visa, MC. COD to; INFORMATION UNLIMITED 
DEFT RB . P 0. Box 716. Amhcisl. N H 03031 Tel : 603-673-4730 



CIRCLE 72 ON FREE INFORMATION CARD 



EDUCATION & INSTRUCTION 

F.C.C, Commercial Genera! Radiotelephone Li- 
cense. Electronics home study. Fast, inexpensive! 
"Free" details. COMMAND, D-176, Box 2223, San 
Francisco, CA 94126. 

2600 -worlds largest Phreak/Hacktelcom/com- 
puter security newsletter. $12 .00— year, $20.00— 
overseas. 2600. Box 752, Middle-Isle, NY 11953- 
0752. $1 .00 for sample. 

Communicate around the world! Get your "HAM" 
radio license and call sign. Complete novice kit 
includes actual FCC questions and answers, cas- 
sette, manual, etc. $14.95. SPI-RO, Box 400-8, Flal 
Rock, NC 28731. 

FREE EVALUATION 

and ADVISORY SERVICE 

For positional eleclrenit lechnicims 
by prestigious non-profit organization. 
Earn University Degree (Bachelors or 
Masters) through Home Study! Credit 
given for previous schooling and 
professional experience Upgrade your 
earning power Free Details! 
CONTINENTAL EDUCATION ASSOCIATES 
P.O. Bex 1187 - Ctumpliln, NY 1 SI 9-1 1 97 



PRINTED-C1RCUIT BOARDS 

PRINTED-circuit boards. Quick prototypes, pro- 
duction, design, reflow solder. Send print or 
description for quote to KIT CIRCUITS, Box 235, 

Clawson, Ml 48017. 



CABLE-TV 




A NON PROFIT 
ORGANIZATION 



WANTED 



RADIO lubes: 2 A3, 45 s, 50 s, 211, 84S. Western 
Electric tubes, amps, drivers, horns, speakers. 
DAVID. P.O. Box 832, Monterey Park, CA 91754. 
Tel: (818) 576-2642. __ 

INVENTIONS, ideas, new products wanted! Pre- 
sentation to industry. National exposition. Call 
1-800-528-6050. Canada, 1-800-528-6060 X831. 

INVENTORS! AIM wants — ideas, inventions, new 
products, improvements on existing products. We 
present ideas to manufacturers. Confidentiality 
guaranteed. Call Toll Free 1-800-225-5800 lor infor- 
mation kit. 



DEALERS wanted: Channel 2, 3, and 4 notch fil- 
ters. Money back guarantee. Send $15.00 for 
sample and quantity price list. Specify channel(s). 
GARY KURTZ, P.O. Box 291394, Davie, FL 33329 



DO-IT-YOURSELF TV REPAIR 

NEW... repair any TV ...easy. Anyone can do it. 
Write, RESEARCH, Rt 3, Box 601BR, Colville, WA 
99114. 

REEL-TO-REEL TAPES 

Ampex professional series open reel tape. 1800 or 
2400-feet on 7-inch reels, used once. Case of 40, 
$45.00. 1QV2 x 3600 feet and cassettes available. 
MasterCard/Visa. VALTECH ELECTRONICS. Box 

6-RE. Richboro, PA 18954. (215) 322-4866. 



PRINTED-CIRCUIT BOARDS 

CIRCUIT Boards, guaranteed lowest quotes and 
free twelve hour prototypes. Single and double 
sided boards. Small through large production quan- 
tities. Send specifications— T.O.R.C.C. ELEC- 
TRONICS, Box 47148, Chicago, IL 60647. (312) 
342-9171. 



BATTERIES 



NICAD batteries and packs tor radios, computers, 
toys, telephones. Major brand distributor and fab- 
ricator S.A.S.E. for flyers. LYNNTRON. 6248 N. 43, 

Glendale, AZ 85301. 



CO 

g 

O 

DC 

h- 

o 



Q 
< 

tr 



.WM. B. ALLEN SUPPLY COMPANY. 

OPEN SATURDAYS 8 A.M. TO 1 P.M. WITH 24 HOUR ANSWERING TO TAKE YOUR ORDER ANYTIME 

TEST EQUIPMENT SPECIALS 




WM. B. ALLEN SUPPLY 



ALLEN SQUARE 

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112 

LOUISIANA TOLL FREE 800 462-9520 



800 535-9593 

COMPLETE INVENTORY OF MULTIMETERS 
AND SCOPES FROM 18 MANUFACTURERS 
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TENMA* 



THE NAME YOU CAN 
TRUST IN ELECTRONIC 
TEST EQUIPMENT 







TENMA* 35 MHZ Dual Trace 

Oscilloscope 

■ Two high quality 10:1 probes included 
m For additional specifications see MCM 
Catalog S11 

#72-330 




$5699,9 




TENMA* 20 MHZ Dual Trace 
Oscilloscope 

■ Two high quality 10:1 probes included 

■ For additional specifications see MCM 
Catalog #11 

#72-320 



S3899.5 




(ea) s 



TEI»f4l» 

Autoranging 

Digital Multimeter 

■ 3'A digit ■ Auto polarity ■ Low battery indicator 

■ 10 amp AC-DC current ■ Continuity buzzer ■ 2% " 
x 5W xW'i Carrying case included 
#72-058 $49.80(1-4) - 



(2-up) 



YEAR 
LIMITFO 




TENMAfr Rotary 
Dial DMM 

■ 3K digit LCD display ■ Rotary dial for 
rapid selection of functions and ranges 

■ 20 amp AC-DC current ■ .1ohm reso- 
lution ■ Carrying case included 



#72-075 $44.80 (ea) 

$4195 



(2-up) 



1 



IfcJVMdt* Combination Function 
Generator and Frequency Counter 

■ 6 digit display ■ Output range: .2Hz to 2MHz seven 
ranges ■ Counter range 1Hz to 10MHz ■ 5-15 volt 
TTL and CMOS output a Wave forms: sine, triangle, 
square, pulse, and ramp. 
#72-380 



TENMA* 
Drop Proof 
Digital Multimeter 

■ DC input impedance 10Mohm ■ Shock -mounted 
LCD display ■ Overload protection ■ Auto polarity 
#72-057 

1 



$299,5 




TENMfit- 

Digital 
LCR Meter 



'!■■■■■ 
LIMITED j 
WjUtrUWTY : 



$21999 




■ Measures inductance, capacitance and 
resistance ■ L =1 micro H to 200H. 
C =.1pF to 200 micro F. R = .01 ohm to 
20Mohm ■ Carrying case included. 
#72-370 



TENMA* Frequency Counter 

■ 8 digit LED display ■ Measurement range 
. I HZ - 1 20MHz ■ High input sensitivity of 
20mV RMS 
#72-375 



$1899,9 



$1 4995 




UNITED 
WARRANT* I 






Terms: 



MCM ELECTRONICS 

S5B E. Congress Park Dr. 
CenCBr-ville, Ohio 45459-4073 
(513)434-DD31 

SOURCE NO. HE-17 



jWm^C ardl 



■ S1Q minimum order. Si .00 charge toi orders 
under S10. 

■ $20 minimum charge card order. 

■ Orders shipped UR5 C.O.D. 

■ Most orders snipped wiihir 24 hours. 

i Sales oNice gpen 6:30 am lo 700 pm Salurdays 

10 00omlo3pmES7 
p For prepaid orders add $2.75 Car Shipping and 

handling. 
* Should shipping and handling charges exceed 

$2,75. Unbalance due will be sen! C.O.D. 



Be Sure To Call 
For Your FREE 
Catalog! 
Over 6,000 Items! 

We also have ...a full line of test equip- 
ment, computer accessories, telephone 
accessories, speakers, television parts, 
flybacks, yokes, switches, fuses, tamps, 
capacitors, resistors, cartridges, styli, 
wire. CATV equipment, the largest selec- 
tion of original Japanese semiconduc- 
tors in the country and more. 



CALL TOLL FREE 1-800-543-4330 

In Ohio 1-800-726-4315 • In Alaska and Hawaii 1-800-858-1849 
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J ELECTRONICS I 



NEW LOW, LOW PRICES!!! J 



ELECTRONICS 



CALL FOR QUANTITY DISCOUNTS SPECIAL!! SPECIAL!! SPECIAL!! 



MC68701 - Microcomputer wrtti EPBOM 

The W£6Gj0i 4 gn A-bl: ilngi* chip wileraftyntiuUr unii |UCUl wfucri ngnitewfrr 
enJiancK ih« cjpa&J.I>*t cfl ir™ MGflSOO tarmif d pvt» On-chip ittvut « kid* 
SHI bita or EPHOM. US t^s or fUm Sf iv Cflfflm*nie»BrMt Vikkrltc* < — 
' ' "* and 3 tfiFE* Fumctian F - 



EEPROM 



2B16A 24 2048x8 16K E'PflOM 350ns. . .$8.! 



eKe tar*] « SV E ™WWnwft**d - Qptomi n^h labium* t 
[9v-lfiVJ 'PppfwyjwTlo^»^»ftel«Ow-kr»l^i*l!*ftw»i* 
~>*» 2S 1 *!-* ii on i3*a: r^^li"** (TMn 
MiTrt Ihe urn* HW **id nwlh Lhe urn feitum 31 Jkifl Sisuc fUUJIi 
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ELECTRONICS J 



HAPPY NEW YEAR! * J 



iiiira*M 

ELECTRONICS 



tor Appt* 1. !■ - and Ji 




Z?\Z C. jTi"i V-Ta'^U? 



S'i'KHf-Hfttghr. 

Diifc EW Hi* and 

Cc-i kE-l! rc Card 

hV Appl* II, I i ■ and Urn' 



l«M2*l*_ ! tints 

K»75. ««rf . ..( 41.15 



TRS-80 Accessories 



EXPAND TRS-80 MEMORY 

TRS-80 MODEL I, III 

Facn K.1 {c.tk concWt win rigm WM-5JM [UPD41 £ '4 1 1 Gl 1 6K L> f nannic 
hami and clQCiwrantitufl hw Eonwsiwi wadtH i i$K fQLippod ™in E«- 
p*i":i»6n imarlac* tar be e^pindti,' 1c J*k with J Ma Mcdtf w Car b* 
expanded Irem tfiK to 4J1K uinj 2 ttris Eaen Kll will fci&aM csfffi/ler by 

TRS- 1 6K3 200ns (Model III) $5.95 

TRS-1SK4 250ns (Model 1) 55.49 

TRS-80 COLOR AND COLOR II 

Eavp to mi-all Krt ccrm:i comwba wOi 6 «ch ai&4N-?0 iWOmj &4K 
Dynamic RAMa antf d«grr>anl«.;>[>n to* cpnwKrn Cflnysti TFtS-WC^f 
Gsnaiaan win □. E. ET f ane NC ctrt^r beards w 32K liu ttrnM 
rflS JO Cc i- Cc-ppLln :s C 4 ■ Ho DCS =-- OS 9 rt^jircd ■- .' lit 
toll MK P* M on i'> coir - j!vs 

TRS-64rV2. . . $9.95 

TRS-80 MODEL 4. 4P 

ETBfytoiniLillKiticarrvcDFr^e^Ew^h TRS.6i>t2 IB aa, 4 IWN-JQ irK>na' 
E«<;Dvniffi*FiAiti.| m^W^SHM.l8a» <r«4 , B:i*i*F*Lct»Blia™i*}ooi- 

TftS°64K*2 EijMMbUMMaiKntltK'HKef 

UodaMF trail B4K-12BX, S 9.95 

TRS-64K-2PAL fi U n<h Uod*l 4 tram I4K to 12tK S29.95 

• TRS-80 Model 1 00 -NEC 'Olivetti 

EsiyloirKnaS rAKJuH dixtaODhl IMolw wcMit lncrt«lna «ia*n« y in *W 
incramMfi Tfmm rnMuIri will incrnss -jrjui fMfnOfy to fta toll «ea£ifr 
CannJ*l£ *'.1I' module ami *nzurFirfltil)CHi ky nAataEsm 

MlOOaK fTIIS'lOUcM ltt £j:p*naon.| l» K n c Jir).» 

NECtKH (HECPC-K0IA). .,, SZ9« H, Of 3&J* 55 

OUiOdK {OSnflBiaalQQ. $»JIm.« Xr|7t.t5 

TANDY 200 

E>f y ID uVai! mrjdglp pli,ai i ghl xito Itc iQcAnl increaainn n>arr>3r> if 
2^K n^C'f mijipli Ccmrf'alw **lh mfKliJa aincl docume*i[auDn to* ■na.'-jI'aEisn 
M20OR prantfj ?03 f-Din^m. . . £99.95 ee. or 2 /£1 89.95 



PROMETHEUS MODEMS 



Intelligent 1200/300 
Baud Modem with Real 
Time Clock/Calendar 

The ProModwrt- 15 a Belf 21 2A C12QQ/300, inlellaaent 
stand-alone modem - Hayes command set compatible 

plus an addiiKsnal extended command set ■ Shown wlih 
alphanumeric display option. 

PM1200 RS-232 Stand-Alone Unil. , , . . . $299-95 

OPTIONS FOR ProModem 1200 

mt-COM iPtsCop- CwnrrHin>citK>n Snr.wr >. $ 73.95 

f*«*B ap«iry Oplf aMtg STffnmi - 

*BS?I* PTDOOS era^U - Of 

IBM PC DOS*. MS DOS 
PM-OPS1 2K iCwlnlulKabW EhiNer QcrilOnl . 51 29.95 

BUF51 2K LSiJK Uiftisv i> ^ c;fH2n. S 54.95 

PM-ALP L«jpn«ijfrxiicDimBtfi S 79.95 

f 3 M-SpeCral-'2 i^msaa. PM-OHtK 

BUT5"!K amfl PM.ajipi. ^ . J , , , 5249^95 




DATA BOOKS 



HBB 

30004 iMnTlCmtaflPC* nassj 55.95 

Comriila L*n I IQT& paapafl 

30013 Eiteg DflU took (il»'f SMS 

Wti&pnKaaKMi i"« SuaK-tCA.p* MD^fipagaa! 

21 OS» Inhf Umth^t ComUftrHntl Hndbk. ( 1 913/Mi JI4.SS 

CjftaMif -fc* *W*tM>s*vi MtWC *<".-d* W wf-nt m . tSala ftl~al r 1 Uh* 1 
dnoi nfermation on ICHf a HAlMli HM EWKJUi. EW^, *™j 
hDW uaawcm tWO pap«*l 

2308*3 |«WUicmf T1 i» m qornpOoa«biHnde*. [1183/8*1 J1BB5 
Cc<Maim.OrtaSritaiiiyi|Uriln<«l>ltf<<op *«a M0^4P*'ltahaniai- 

J <Jyir** ff>ri papw) 

30023 National Lb9*t Dal* Boofc 3*1 [1984]. 124.95 

Wmnn 1 1 u a-tti p«(phI 

t&*MM »-l^TTnjli3r. D" 1H|i<ai41 « TTL ST««ri.l *^n »™ IXODOtJMfT 
Trvi .^lLrd*t M« 7JL S AS LS ind *LS Sw*9 detcia and 
UVMhtc / r4HC I 3-KT .' P*»CT ugh Spwe U«« CVCS <a- »r 



Muffin-Style & Sprite-Style Fans 



MUFS0 (3PH3-15-24S2) 

Howard 4nduslnes i4 6B'5ti .00r;!mi. . . . 39,9S 

EG4C. ROlion 43 125' nq 32cEm». - , - - S9-95 



12' Monochrome Grewi 
Monrtor for Appl* II, II +, /Ae end ifc- 



All* C()iTl{ii1ibl* 




PM1200A. S299 9S 







■ h ■ n * .^ ■ ■ 



■van ■.■■*■•:' ^. 

J f>V jTlVl'i -'ni>. i"*i 

KHP4O07 s-rsaor. 



Commodore Accessories apple compatible computer accessories 



mRS232 Adapter 
for VIC-20 and 
Commodore 64 

The JE232CM allows eoKWoSon of slandird serial HS232 
pri n tors modems, etc. to your VI C -20 and C -64. A 4'poto 
switch allows the inversion of the 4 control lines. Com- 
plete installation, and operation Imlrudiofis included. 
■ Rugs into User Port ■ Provides Standard RS232 signal 
levels ■ Uses 6 signals (Transmil. Receive, Clear to Send. 
Request to Send. Data Terminal Ready. Dale Set Ready) 

JE232CM S39.95 

VOICE SYNTHESIZER 

FOR COMMODORE VIC-20 AND C-64 

Ptug-fn — Talking in Minutes! 

JE520 CM $99.95 

300 BAUD AUTO MODEM 
Mitey-Mo (For c-64) £74.95 

PARALLEL PRINTER INTERFACE 

FREE 2K Buffer Included! 

MW350 (For VIC-20 & C-64} $69.95 



v ■uTTacpi r km4i 



JE520 VOICE 

SYNTHESIZER 

tv APPCE IL 11+ >nd IV 

JE52QAR.S119.95 




APPLE Keyboard and Case for Apple II and II +* 



4 Kit* ' I S-K«y *^y4M ■ D"*£r •£ & <!<*£*-<•- *4n It-wn r^ftc" 
- AiriKa fnelal taMfriirla I** t rnconLpa "roi*i| - Ccicf >,4V*i 
■%** rJi-L,5i,W^i|*i - H 
C4SE iF*rc- -. 
-ikconwuiUan KH.A4I -F^»ug HI tof aair acctii -rta 5 



t(i«d tiUKW* l*rt lABdVMfl. OQ5 wWiH t £MJ| ' LFpaatritrair Catr 
9 «tHn um] wDi l& coftmn carO 01 U/L uh chip - I D ui**-W^i%* kayi 

Ha iBaaffl V4 CiM. SH.9S 

KB-A6 1 t» r*f AJK* hrrtoard rjn>. 1B9.9S 

EAEC-1 Eroandaa «»■• E-^LJaiurr Caaa cr>y, £34.9:5 



l amec o 



13 i s ^Miaia=us 



HtGOtffiMaiS 



RveKey 128K RAM Card £** 

Sottware PnogrnainTB.' po r Apple II. II+ and //e* *■*' 

rrt JEBGB i& lurvionalii' cc-^poLt'* n.ln lh* *ptf» " lanauaM i*ia in3 can « 
' a'Jind ifcl"! aa H^haarv ik«i can ba uwd "■»■ a (SrSrO 1tr! Card Tra JEHI 
raqufat no fliEd^cainjna In- «lk *«J* pjomEiJaT "Vri -* f :ct.a* t/ftyi- 1 4-a 
*• Jvnatf Urm«rY - J t aijTani Sftanrc. uaitttrL AagnqtKi arm a^. L 0w ^-s» 
unkaaaxitpOOSJl Ci:\iM*iitffP*izal m*lmii*tQ0*<1/Ot*S* Ox^>** 
' mBi malruelori 

JEflGfl (Expand-A-RAM} S119.95 

Applesurance Diagnostic Disk Controller Card 
Prvmira Cra*h**i For Apple II, \l+ and Me' 

Tlta XI rr m-wi »l a 4liai;x>jtf •: toci ar. is «.-anc* r"j.niinaric* tool a»d a akaa 1 
rLTi nirrt ggr4c»ar Tha JEflir *J #n«y inq ch«ca- 7» BW' W ^B Iwaw f * f 
yctH TfsaLm racr> Iwna iesj bni wi pcur 'ppw u ■ ' or aa r laal whj' fi*M ^OM 
CFU i-rf 9r|k Ur™*l D^gK^kK f**>#* nay » C JhM *«d li rna WuC» C * i*r 
Gcp»n*Bta wdSi insJnjclio^i 

JE877 lDBV-1/Awilcsurance II) S69.9S 

Parallel Printer Card 
For Apple II, II + and lie' 

H-fC JtlU Frmlar Irtpbc* boa'd a an rflDtgccE inlaflacr to "inn c\ "<j*i a 



. irahfu JYila— 1 and Htararf 
kt lor Apprt M ■ - mia 1% J Tn» JEPK >* irs-£Mff BO U pa n M *> lr--« 
' 1 •! PKrtSi^ 



I 



JEBSOIPRT-lh 




Parallel/Serial Buffer Card 
For Apple II, 11+ and Me' 



MdC 



n ^*. gO» f« «*«{»3rt.fl. Qu»«q NWI I .A E.^9 



JEB83 (P/S BuHw) , , S79.95 



i^MHtmis: ^ ^^^^5%d*. 




*or*Ladd ^Frl^lWiMllLfllj^larti^jXUyriUJMOW HSP. .. $165.35 

1M55 
.124.95 
la Iw VEPSAISVCr fi*.S £*rtio«ca >VWI. *2*J5 



Jameco's New 1986 Catalog! 

filled wit h New Products, Reduced Pricing 

and Valuable Pin-out Data. 

Send $1 Postage for FREE 1986 Jameco Catalog! 






S»K SlWttl — W* HKll 



MoslerCarb 




V/S4* 



1355 SHQREWAY ROAD, BELMONT CA 94002 
PHONE ORDERS WELCOME -(415) 592-8097 - Telex: 1TS043 

— "CfflcLE 114 ON FREE INPOHMATIBH CARD 



IBM Accessories 



IBM PC/XT Compatible 
Keyboard 

U_LJ.Lltll.IB II 

TOKtfaiH* 



*■ 



IBM-5151 



_i-al I 



taKmnmki^5l51| S129.95 



Additional Add-Ons Available! 



MEMORY EXPANSION KITS 

IBM PC, PC XT and Compatibles 

The- IQM&4K KM Mil mcrf aif. marwy in F>IKj J>yh); mc H TNW tt , Tfw Krt nt arrnpta 
ti inflan - mil wwtf IK 9 - _<k. FbU* _fiaa -i in«- oruvidfed >«iwn and ?*i 
»*2flfOupar>liT-<i_«r. Ci^i^r^dni docTUrnantatiDn inCludMl 

[BM64K (Nine 200ns 64K RAMs}. ...■..■ S7.95 



IBM PC AT 

alh nine 1 3JK dyroinvc RAHi mC r>oc u fli B nUrlon 
i.-.r f.i: iMi'i.or 

IBM128K (Nine 200ns 128K RAMs) . . $43.95 



t - 



IBM PCXT Equivalent 

130 Watt Power Supply 

UPGRADE YOUR PC! 



■ Innul: 1 10V 6 60Hz • Output: 1 5VCC e 1 5A. 5VDC S 
EA, +1 2V0C 8 4 2A, - 1 2VDC e D.SA • Plug compalible 
ccrAKtors + Fils inlo IBM PC ■ ^igW: 6 lbs. 

IBM-PS S99.95 



Prometheus Modems 

The ProMc-Limn iJOOa-'BS i. a 1200/300 baud modem 
card which plugs into IBM PC end XT. Provides a itilrd 
serial Comport. Two versions available. 1 2O0B iwnthoul 
software} and 1200BS [wilh software]. The PM1200BS 
is su.pi.lied with powerful MITE communications schware 
from Mycroft Labs. Software. available: PC DOS or MS DOS. 
PM1200B (without Software). ..... $239.95 

PM1 200BS (with wrrE SoftwW) $274.95 



iB* ble i DISK DRIVES 




Documentation 
Included 

RFD480 iRimsi W DS tuil-NI.I S69.95 

FD55B ffeao5 1 ."OSIiall-ht) S99.95 

SA455 (sriusan 5^ " ds tutf-hn. . . . S99.95 

TM100-2 iTandon 5'.' OS Ml-hl.l. .... S99.95 

JMR S 1 A" DISK DRIVE ENCLOSURES 

Complele with power supply, switch, powsr cord, 
lusehcFder and connectors 

DDE-1FH -:Mbu.b. MuM-*n 5 1 ,- Icpny flr'«i . . S 69.95 

DOE-2HH >■■-.- -•'■:, _.._ 

•copy *nt. - virteaJ] -« w fiJ.ii'Il 

HDDE-1 FH MM.! i hara dnMi $1 99.95 



General Application Keyboards 



Mitsumi 54-Key 

Unencoded 

Keyboard 



m 




^\ffi'- , - ,u! 



t r,Y,V, 1M - 



« SPST heyswiiches ■ 20 ptn ribbon cable cofmecUon 
" Low profile Iteys ■ Features: cursor controls, control, 
caps (lock), (unction, enter and shift keys ■ Color (Key- 
caps): grey ■ Weight: l lb. • Pinoul Jncl. * S*ze: 13t*T_K 
4V"W k ^™H 
KB54. ......,.„. S9.95 




74-Kay 
ASCII 
Cherry 
Keyboard 



- 7-on parallel ASCII - Fuji Upper Case. Full Lower Case 

except!, m.n.o and p. - Cursor keypad < SPSTmechafii- 
I keyswitthes ■ 26-pin header connector ■ Color; white 
Siie: i8tK6*i"Wxl , *"H ■ Spec included 

201 (ISOOtnOabb) $14.95 



UV-EPROM ERASER 



3 Chips - 21 Minn-..--. 



^ 



j 1 Chip- 15 Minutes | 



Erases all EPROMs Erases u p to B Ghipx wiinin 2 1 minuiu 1 1 chip 
in 1 5 m-nulcsj Mftin1ainjiC0n5lan1flj;pciSurcdi5lartCcQlcineinich 
Special condudlw -oam liner clnninsles ii.il r: build-up Built-in 
safety lock to pywom uv Qxpoeuro Conipflci - only 9 COL t. 
3 TCVJ ■/. 2 GC H Cnmp4ate wilh holding |ray for $ chips. 

DE-4 UV-EPROM Eraser . . $74.95 

UVS-HEL Replacement Bulb S17.9S 
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THE FIRST NAME IN 
ELECTRONIC TEST GEAR 




Save *30 on the 
RAMSEY 20MHz 
Dual Trace 
Oscilloscope 

Unsurpassed Quality at an 
unbeatable price, the 
Ramsey oscilloscope com- 
pares to Others costing 
hundreds more. Features 
include a component lesi- 
Jng circuit for resistor, 
capacitor, digital circuit and dtode testing * TV video sync filler ■ wide band- 
width & high sensitivity * internal graticure ■ front panel trace rotator • Z aj(is 
• high sensitivity x-y mode • regulated power supply ■ built-in calibrator * 
rock solid triggering _ _ ^ _ ^ _ ti ^ 

£ *% & A Q 1 high qualily hOOK on 

Was $399, 95 NOW ONLY JOy' J pr q« included 




NEW RAMSEY 

1200VQM 

MULTITESTER 



Check transistors, diodes and LEDs 
with Ihis professional quality meter. 
Olher features include, decibel scale 
20K volt melering system • 3ft" mir- 
rored scale • polarity switch * 20 
measuring ranges ■ safety probes ■ 
high impact plastic case 




ETTA 



$1Q95 



lest leadi and 
t)*li«ry included 



RAMSEY D-4100 
COMPACT 
DIGITAL 
MULTITESTER 

Compact sized reliability and accuracy. 
This LCD digital multltester easily His in 
your pocket, you can take it anywhere. 
It features full overload protection * 3 '■, 
digit LCD readout * recessed input 
jacks • safety probes » diode check 
(unction * 2000 hours battery ilfe 

<■« at* billery incEud«d 



MINI KITS— EASY TO ASSEMBLE, FUN TO USE 

BEGINNERS & PROS WILL HAVE A GREAT 

TIME WITH THESE KITS 



FM 
MINI 

MIKE 



B 



f\ super Mighperfprinanee FM wire- 
iass mike kill Transmits a slable 
signal up to 300 yards wMh r-xc^p- 
isonal antfiQ o>aiity by means ol Us 
buiH in oi'ecirst mike Kai includes 
taSe. mifce, on-Qll switch, antenna 
tottery and super insiructiona This 
rs the finest unit available. 
FM-3KU t14B6 

FM -3 Wired and Tested 1 MS 



FM Wjreltu Mike km 

Tans/mis up to 300' to 

any FM cuoaOcBsi ra- 
dio, uses arty type ol 
mike Runs on 3 to 9V Type FM-2 
has added sensilive mike preamp 
stage 
FM-1 Kit 53J5 FM-JKu S"-9S 



Universal Tim*r KM 

Provides the basic pans and PG 
bpa rd req it i red 10 provide: a SOU rce 
ot precision liming and pulse 
generation uses 555 Timer ic and 
includes a range Ol parts Itw mosl 
timing needs 
JT-5 KM S5.95 



Color Organ 
See music come 
alive! 3 different 
lights flicker with 
music. One light 
each lor, high, 
mid-range and 
tows. Each indi- 
vidually adjust- 
able and drives up 
to 300 W. runs on 
1 10 VAC, 

Complete kit, 
ML-1 



Ca»ie<u joy TV iq *<ata mo'iiioT Sow 
»la&!r Ij-usid imi en '1 RutH on 5- 
1SY OESepTi lid VtfMJ lHjnW Owl unit on 
1ntwiwfcei'CQffloJei*^i tfD-i J?-** 



Led B'inky Kn 
A great mienlion sel- 
ler winch alternately 
Hashes 2 jumbo LED$ 
Use lor name nidges. 
buttons, warning 
paneJ lighis. anything 1 
Runs on 3. to 15 volts 
Complete kii. BL- 1 
S2.95 




Super Slculb 
A Super sensitive am plr- 
Pier which will pick up a 
pin drop at 1 5 feet' Great 
Tor monitoring Baby's 
room or as general pur- 
pose amplifier Full ?W 
rms DU'ptit, runs on G to 
IS volts, uses 8-45 ohm 
speaker 
Complete kii. BN-9 

J5.9S 



CPO-1 

Runs on 3-1 2 voc l wan oul, 1 KHZ good for CPO, 
Alarm. Audio Oscillator Complete fc H 52.95 



Whisper Light Kit 

An iniereaimg kil small mike 
picks up sounds and converts* 
Th-em lo iighi The louder lha 
sound, the brighter the light 

Includes m-ike. controls up to 
300 W runs on 110 VAC 

Compleie kit. WL-i 
MAS 



Mad Blaster Kii 

Produces LOUD ear ghjitlenng and 

attention ooltmg siren like sound 
Can supply up 10 15 watts or 

oonoxious audio Huns on 6-1 5 VDC 



Mfl-i Kn 



£4.95 




Tone Decoder 
.A complete tone titeco- 
der on a single PC 
board. Features 400- 
5OO0 H-z adjustable' 
range v«b 20 lurn pot, voltage regu 
tail-on. 567 IC. Uselul For touch- 
lone burst detection. FSK. Bit 
Can also be used -as stable lone 
encoder, ftufts on i to VZ volts 
Complete hit. TD-1 £5.95 



Siren Kil 
Produces upward and downward 
wall character i site of a police 

siren 5 w peak audio output, runs 

on 3- IS veils, uses 3.-45 otim 

speaker 

Complete- kr|, St.' -3 52.95 



Rum -rjn y 1 S VDC 4.0* a» 
min raonn actur-icf TH ? K\ 
TB TMiy 



30 Watt 2 mtr PWR AMP 

Simple Class C power amp reatures a linws power gam i W 
in for B out, 2 W in Tor IS out, 4 Vi m for 30 out. Max output 
Of 35 Vi, mgrediljle value, complete *Hh all parts less case 
anflT-H relay *a/*o.c 

PA-l.MWpwrampkil *22'* 

TS-l . RF sensed T-R relay kil 6 ^^ 



Power Supply Kit 

Complete triple regulated power 
supply provides variable 6 to 18 volts 
at 200 ma and -5 at 1 Amp Excellent 
load regulation, good filtering and 
small sire Loss transformers, 
requires G 3v rn 1 A ana c#^qe 
^VCT Compleie K II. PS- 3 LT^O" 



ACCESSORIES FOR RAMSEY COUNTERS 

Telescopic whip antenna — BNC plug . . $ 6.95 
High impedance probe, light loading . . . 1 6.95 

Low pass probe, audio use 16.95 

Direct probe, general purpose use 13.95 

Till ball, for CT-70, 90. 1Z5 3.95 



PT71 



35 MHz DUAL TRACE OSCILLOSCOPE 



Q# -rrrr 



A heavy duty and accurate scope fc-r service 
as well as production use Features Include 
■ wide frequency bandwidth • optimal sen- 
sitivity ■ extremely bright display • delayed 
triggering sweep ■ hold olf • ALT trigger * 
single sweep • TV sync * 5X magnification 
• XY or XYZ operation » HF/LF noise 
reduction 
3500 Dual Trace Oscilloscope 



S49995 



includes 2 high 
quality probes 



ALL OSCILLOSCOPES INCLUDE 2 PROBES 



rtn 



15 MHz DUAL TRACE PORTABLE OSCILLOSCOPE 

Ideal forfiekJ/bench applications. Ihis 
scope can display up to 15 MHz signals 
Internal battery pack allows up to 2 
hours operation on a single charge 
Features include * built-in battery 
charger * 5X hcrizontaE magnification 
* high brightness CRT • front panel 
Trace rotator * internal rechargeable 




; . i battery pack 

• * ■ ^'12500 Porta 



^44995 



.)!■■.■ Oscilloscope 



includes 2 h\qh 
qualily prgbes 




MINI-100 FREQUENCY COUNTER 

Features and capabilities o' couriers crjslmg twice as much * 
campacl * high aensriivity/ • low currem tfram « very accurate ■■ 
leadtng zero bmniung ■ field or shop use * 1 MH* [o-SOfJ MHz 
raric<e * diode protected * 7 digit display 

BATTERY CHARGER NICAD BATTERIES 
NO AC ADAPTER INCLUDED 



$g 9 95 . 




CT-70 7 DIGIT 525 MHz 
COUNTER 

Lab quality al a breakthTOygh price Fsaiuri?s ■ 
3 frequtsney ranges each with pre ernp » dual 
selectable gate times * gate aclivily indicalar * 
50mV @ 1 50 MHz lypical sensitivsly * wide Tre- 
quency range * 1 ppm accutacy 

wired Includes 
AC adapter 

CT-TOkll S9B.95 

BP-4 nicad pack ...,.-8.95 

CT-50 8 DIGIT 600 MHz 
COUNTER «.,__„_ 



$11995 



CT-S0 kil 

RA-i receiver adapter kn. 



£139.95 
14.95 



CT-90 9 DIGIT 600 MHz 
COUNTER 

The moil versatile for less lf>an 5300 Features 3 
selectable gale limes ■ 9 digits ■ gate indicator 

* display hold ■ 25mU@ 1J0 MHj typical sen' 
slutrity ■ iQMHz limcbaseForWWVcahbraiic-n 

* 1 ppm accuracy 

$ 4 A 09S wired inchidvi 
■ w 9 ^ AC adapter 

CT-90 hit S129.95 

OV-1 1 ppm gufjn iimebaso 59 95 

BP-4 ntcad pack . B.95 

CT-125 9DIGIT1.2GHZ 
COUNTER 

QP* mead J8.95 




UM-700 DIGITAL MULTIMETER 

Professional quaJny at a rtofi&yrsi. price Fea- 
tures include 2-6 d i fferanl ranges and 5 Eunc- 
frons ■ 3"- digit. .-. inch LED display * auto- 
miuc decimal ptacernenl * automatic polarity 
$4 -I 095 wired Includes 
I I 9 AC adapter 

DM-700kil , 599,95 

MP'i piobe set ,, 4.95 





PR-2 COUNTER PREAMP 

Tbe PR-2 is ideal To* measuring weak signals 
IrpmlOlo 1,000 MH2 • Mat 25 db gam * BNC 
connectors • great rer shitting fif • ideal 
receiver/ TV praamp 
S >nl jM Qf* wired includes 

^^ ACadapler 
PH-2kii , £34Q 



PS-2 AUDIO MULTIPLIER 



Tne PS-2 is handy lur mgn resoiuiipn audio' 
r-esoFuiion measuremenls, muitipti&s Up in Ere> 
duency • great for PL lone measurements » 

mulliplflS. by 10 or IOC • fj 01 Hz resolution & 
Puiii'in signal preamp^conditioner 




$4995 



Hired 



PS-10B1 GHzPRESCALER 



Extends Ibe range ol your present countH to 
t GHz • 2 s.tage praamp * divide py 1000 cir- 
cuitry * supersensitive |50mV typical) • BNC 

connectors • 1 GHz m 1 MHz out • tfrives an' 

counlef 



PS 10-8 Prescaler 



$799! 



iuJti *:: j:ii r ic: 



PHONE ORDERS CALL 

716-586-3950 

TELEX 466735 RAMSEY CI 



TERMS: • saljtlaclian guaranteed • examine lor ID Gays, if nol pleased, relurn ii 
original form lor relund • add B' , lor shiitpmq and insurance In a mannium o 
I ID DO • overseas add lS'.lnr suflace mail • CdOaddUSD ICOD in USA only 
• nt iii ' . inn:,!- J IS DO ,:iin SI Mi • HI residents add 7*. sales lai ■ 90 day pari 
warranty an all kits • I year parts & labor warranty on all wired units. 



RAMSEY ELECTRONICS. INC 
2575 Bail d Rd. 
Penfield.N.V. 14E26 



TOLL FREE 

800-854-8230 

CA Residents 71 4-558-881 3 



OUR POLICY 

•Surcharge for VISA or Mastercard. 

•Volume purchasing agreements available-. 

•Orders subject to avallablity. 

•Pricing subject to change without notice. 

•ACP Retail Store pricing may vary. Not responsible lor typos. 



I 'I I I . I I I I I I I I T l I l l i I 1 I I I I l 



HISS PRICE BREAKTHRU 

Retail Value $5000 
Save up to 60% 

ADVANCED XT 

ACP PRICE 

NOW ONLY! 

$ 1695 00 

Monochrome Monitor Included 
10 Mb Hard Disk 

ACP has sold over 2,000 of this system 
to major customers including Rockwell 
Int'l, Hughes Aircraft and Emulex Corp. 
See for yourself why these customers 
prefer the Advanced XT over the IBM XT. 

BASE SYSTEM CONSISTS OF: 

• 256K Expandable to 640K on 
the Motherboard. 
(1) 360K DS/DD Floppy Disk 
Serial & Parallel Ports 
Deluxe Keyboard w/LED's 
Mouse with Software 
LCD, Lightpen & RF Ports 
RGB and Mono Ports 
VLSI Circuit Design 
(3) Expansion Slots 
Ergonomic Design & Packaging 
GEM or PC Works Software 
90 Day Warranty 




SYSTEM A 

(PW WKPMX) 


Base System (See Left) 


S 995.D0 


SYSTEM B 

(P/N BOACP101) 


Base System with additional 
Floppy Disk Drive 


$1099.00 


SYSTEM C 

(PJN BOACPIQS 


Base System w/12" Gm Monitor w/Till 5 Swivel 

base and additional Floppy Drive 


$1295.00 


SYSTEM D 

(Ml MAjCPIM) 


Base System w/RGB Color Monitor w/TiH & 
Swivel base and additional Floppy Drive 


$1495.00 


SYSTEM E 

(F/N BDACP1W) 


Base System w/IGMb Hani Disk and Green 

Monitor wild Tilt & Swivel base 


$1695.00 


SYSTEM F 

(Pffl BDACP105) 


Base System wflDMb Hard Disk and RGB Color 
Monitor wilh Tilt & Swivel base 


$1985.00 



ADVANCED XT ACCESSORIES 

6 Slot Expansion Chassis 

(IBM or IBM Compatible) ... .$394.00 
LCD Display (80x25) for use with 

Advanced XT LCD Port 299.00 

Monochrome Hi-res text card. . .69.95 
Monochrome IBM style Monitor. 99.95 



PC DOS 2.1 $65.00 

GW Basic 75,00 

PC Works 1.15 (Touchstone) 

Regualr $195 65.00 

Archive Tape B.U. (ext. 10Mb) 995.00 
Maintenance Manual 50.00 



256K Upgrade (Uninstalled) 59.95 Technical Reference Manual 50.00 



SPECIAL SYSTEM w/Printer 

1 . System E with Diablo 

620 Serial Printer $1995.00 

2. System F with Diablo 

620 Serial Printer 2285.08 

3. Canon LBP-8A1 IBM compatible 
laser printer. Purchase for a low 
price of $2895.00 and we will give 
you System A FREE! 



DIABLO 620 DAISYWHEEL PRINTER 




The Finest Letter Quality 
Printer at a Spectacular Price. 
We have sold lOOO's. You can 

have a spare at this price. 

620 Serial List 1495 ACP S395.00 

620 API List 1695 ACP 495.00 

620 D36 List 1695 ACP 550.00 

F-21 Sheet Feeder. List 895 ACP 249,00 

620 Tractor List 395 ACP 99.00 

Cable ACP 29.00 

Serial to Par. 64K Buffer. . . ACP 125.00 
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to Mb $399.00 

Shugart SA712 w/Controller & Cables. 
Ready for Installation In IBM™ PC and 
Compatibles. (1 Year Warranty) 

Shugart SA712 10Mb HD$229.00 

Seagate ST225 20Mb HD 41 9.00 



PC UPGRADE SPECIAL 

SET OF (9) 64K RAMS 



S^SS 



26 SET OF (9) 256K RAMS 
$5.95 4128 PIGGYBACK RAM 



1200 Baud Hayes" 1 Comp. Modem 
Short Card by U.S. Robotics with 
Telpac I Software. 

List $499 ACP.. $179.00 
Boy (6) S159.00 



10Mb Tape Back-up 

Archive, #1 in 
tape back-up 
technology. 
High speed 

10Mb back-up 
for only 

$995.00 




External Box <mI Power Supply 

Great for adding Hard Disk to your PC. 
Same as photo $179.00 




DELUXE JOYSTICK 



& 



$11.95 

Compatible w/Atari 
2600. 40O. 800. V\C-2QI 
64 and Apple. Apple re- 
quires optional cable 
adaptor. Add S2.95 



APPLE DISK DRIVE 
$115.00 

I High quality Va high 
drive for Apple II, II + , 
I lie or lie. Apple He re- 
1 quires optional cable 
adaptor. Add SI 0.00 
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DESCRAMBLER PARTS! 



We stock the exact parts, PC board and AC adaptor for Radio Electronics 
February 1984 article on building your own Cable TV Descrambler. 

*701 PARTS PACKAGE $29.95 

Includes all the original resistors, capacitors, diodes, transistors, 
integrated circuits, coils, IF transformers (toko BKAN-K5552AXX). 

*702 PC BOARD 512.95 

Original etched & drilled sNk -screened PC board used in the article. 

*704 AC ADAPTOR $12.95 

Original (14 volts DC @ 285ma) ac adaptor used in the article. 

SPECIALS 

BOTH #701 &#702 now $ 39 

ALL THREE #701, #702 & #704 now $ 49 



^? |J^b ^« Reprint of Radio Electronics article (February 1984) on Building Your 
X^ I\u£l Own CABLE TV DESCRAMBLER with any purchase of above. 



AC ADAPTOR 

9 VDC @ 500mA 



PROMS 4k x 8 

P2732A (21V) 



$ 5.95 



53.25 



ADD $2.50 SHIPPING AND HANDLING 
$4.50 FOR CANADIAN ORDERS 

WE ALSO OFFER QUANTITY DISCOUNTS 
ON 5 OR MORE UNITS 



• 



ORDER TOLL FREE 
1-800-227-8529 

inside MA 617-339-5372 
VISA • MASTERCARD OR C.O.D. 

Calf or write for a free catalog. 



€L€CTR0fllCS,ICIC. 

P.O. BOX 800R MANSFIELD, MA 02048 
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CIRCLE 65 ON FREE INFORMATION CARD 



CORPORA T / O IV 




7-800-344-4539 



AK, Puerto Rico - 213-681-6674 Tftle* - 62827914 



TWX- 9103508982 DIGl KEYCORP 



NATIONAL SEMICONOUCfOH-PANASON jJ^-~, -jeci/ OO 1<l/l „ 1inOftlUI 1EHIUC 4C7flM.*10 OK/0 MODES • DIAMOND TOOL ' UNGAR • 

□k machine *ewc, inc. •inteasil • ad r^ 3 256K |2BZ,1 44 x 1 ) ORAM lauNi 55,/Un; SJa.SajH es.cw industries -amoek-ge 

EAC, INC. -4. W. MILLER* A AVID ENGINE! Vl» f V c , e,-__ IGAR- YAGEO ■ J, W MILLER • LUXG 

E F.JOHNSON "ATLANTIC SEMICONDUC" T^* 1 factory Firsts - z CHEMICALS • ARIES • PLESSEV 



TANTALUM CAPACITORS 
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HO *o«CrAinj iha part rumbir. Altar wHlnq tout 



WHfB QJDf HUG BT PKG»E. CAU 1 tOD 3*4 4&3S CAK. (ill 311 HI »Ml Br HrUL 5EI0 YOUR DRKR TO: DrCJ HEY, f.fl. Sa *)). TW ftrr* E«*L Ml 517 M. 

- ••stim Chtrov. VISA or CO 0. DtClKt r GUARANTEE. «i^ [ wlt(i4[rWKtipiM»i<r^!'^Dv e rvM[nMbbMKiM^bi 1 (^M 
*rth a r^e? e« m# ™^. g -PIHCfS SUMJfCf TO CHA HOf WITHOUT nonce ■ 



SERVICE CHARGES VOLUME DISCOUNT 

* PW-* 9,99 AddWM » 0M-Jfl« RffT 

I 10.00-ttSOO r „ AddW.75 * 10Q.lU-t249.99., Lm* 10% 

f 5V00-M3.99 ArfrfU.SQ t M00M?q^ Loi» 15' , 

4 50.OO.J99 9? AddtQ.35 f WQ DG-t9M.M . U«»% 

tlOOOAUp NoCtMigv ttDOO t Up Imi^V, 



CIRCLE 82 ON FREE INFORMATION CARD 
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THE MOST POPULAR PRODUCTS IN EUROPE & ASIA ARE COMING NO W! 50 HOT ITEMS 
EOR YOUR SELECTION. SEND $1.00 FOR MARK V CATALOG, REFUND UPON ORDER 



TY-23B COLOR LIGHT CONTROLLER 



O 
LU 

_J 
LU 

O 

Q 
< 




As a result Of Ihe advanced tech nol Dgy. this unil can control 
various colorful light bulbs, i ha visual effect of which is mosl 
suitable in places like party, disco, eleeiromc game centre and 
also in lightings, for advertisement. ToSal output power is 
3000 w ( 1 OOOW'Ch r which means I hat it can control 30 p ieces 
of 100W or 600 pieces of 5W color light which Es enough for 
mast usages. 

Kit *6S,00 

Ass. with tested i . i .....»...* > .* * . ». $75.00 



TR-100 0-12V 2 A REGULATED DC POWER SUPPLY 




■ Output voltage is adjustable from Q-15V DC J two current 
limit range are available for selection; 200mA or ?A 

" An elaborated protection system is specially designed, a 
r BB' sound and a sparkle I [ghtvuill appear when the output is 
overloaded. 

* High liability and reliable resulting from employing high 
quality voltage regulate rC. 

* Possess i ng king si ia meter makes Ihe readi ng of voltage and 
curreftimore clearly '"d accuracy. 

A refined case, meter and ail. accessory are enclosed for both 
kit and assembly form. Most suitable for factory, profes- 
sional or even amateur. 

Kit 159.50 

Ass, with tested $69.50 



TA-2400A ELECTRONIC ECHO AMD 
REVERBERATION AMPLIFIER 

< REMIX your record you rseEf | 



This unit combines the mosl advanced computer V L S l 

technique wilh high quality Japan Made component, SO it has 

the following FEATURES: 

It can generate various rejection and reverberation effect such 

as that in valley and music hall. It has a 3 section effect control 

which includes reverberation control, delay control and depth 

control. Special effect can be made in your record tapes by 

using thts model. Alt kinds of infield sound effect can be 

obtained by skilful use of this control. It has LED display to 

show reflection and reverberation. 

Ass. with tested .»*.« 



TA-250C HIGH QUALITY MULTIPURPOSE 
PRE AMPLIFIER 



This specially designed p re-amplifier includes a professional 

GRAPH EQUALIZER TONE control system and has a gain to 
l2dB. Frequency response extends from SHrtO 20KHi, 50 even 
in bad listening condition it can improve well. It can accept 
mput from variouoos magnetic cartridge, record deck and 
tuner, Us output can be connected to all kinds of power 
amplifier' The following combinations are good examples, 
d with tested 



TY-25 SPEAKER PROTECTOR 




It includes high sensitive DC output protection circuit and has 
a LED lo indicate the trouble. It is suitable lorall kinds of power 
amplifar. All theOCL and OIL amplifier must have this speaker 
protection system' 
Kil S9.50 



Min order. $1 0.00 
Charge card order: S20 00 





150MC UNIVERSAL DIGITAL FREQUENCY 
COUNTER SM-1 00 



TURBO SCREWDRIVER (RECHARGEABLEf No. 398 




SM-100 is an accurate, easy-operated digital frequency 
counter. Few pieces of advanced, high technical LSI integrated 
circuit are used, thus. Circuit structure is reliable. SM-lLTOcan 
give you up to S digits ol resolution for a wide frequency range 
of 10Hz to 150MHz. Besides, a memorize system is available, 
the last input digits can be held on the panel, es compare to ihe 
other or even observation. 
Input sensitivity: KHz range 10Hz - 10MHz SQmVrms 

MKi range 1MHz - lSOWHi iQmVrms 
Response Time: 0.2 sec 
Hold: Hold the last input signal 
Power supply: LiCc-V Battery or fX9V 25QMA Adaptor 
Assembled with Tested , $99.00 



This amplifier Consists of three super low TIM differential 
stages, and Hitachi 2SJ492SK \%i match pair "MoSFET" as 
output component whose frequency response and Iransienr. 
response is superior to the other power transistor. Therefore 
this amplifier sounds clear and high fidelity and has superior 
analysis over whole Audio spectrum, so it is suitable for repro- 
ducing classic and modem music 

rat nui 



TA-2800 NF-CR Bf-FET IC PRE AMPLIFIER 



r u <s. *(i,.,,,<uSt 

The heart of this Pre-amoliFier is TL-9SS -C which contains 4 
Bt-FIT operational amplifier and has very good transient 
response and low distortion. 

High precision NF-CR MM cartridge amplifier has a superior 
distortion charade rislic (less than Q..M5*i) and H I AA equaliza- 
tion (0.2dBf, It reproduces melodical sound. 
It has 40 steps volume central, separate high, middle and low 
tone control, tone compensation and tone defeat system. 
It is compatible with any power amplifiers which are made by 
ou r company su ch as T A- 1 Q0Q A P TA-477, TA-6Q3. 
Kit S44.50 



tittlilih 



This unit uses the newly developed display driving IC to drive 
20 LEDfcchannel. it has two display modes: BAR or OCT, Dis- 
play range is -57dB to CdB, it uses green, yellow and red LED. 
so the display is not only beautiful but also has high 
readability, it can be used In various power amplifier to display 
peak power level. 

This unit already has a rectifier so only needs a t ransforme r I AC 
12V x 2 \A | it can also use 12V CAR battery as power supply. It 
is simpie in construction and easy ?o builrj 
Siier 10 7 yfi"x2- k2^" 
Kit SJ4.95 





The most perfect powerful multi-purpose tool for Workshop, 

Home, Hobby SV Outdoor'work 

Includes UL approval Charger, Driver bits: 2 Regualar and 2 

Philips 

Each set t30.00 



CORDLESS SOLDERING IRON {RECHARGEABLE] 
No. 620 









The most perfect handy, lightweight soldering iron far Work- 
shop. Home. Hobby Si Outdoor work .... 
Includes UL approval charger & cleaning sponge. 
With build-in solder point illumination. 
tech set S22-80 





1. Talk: push buKQrt 1pr voice annfluneemen: 01 nmi. 

3 Hc»rJ out- twtifcvqi hour* lyttrm di tpiwf Epr h^ur, minurc, letnnd \trf ttAan 

rtwh} F AM*PH, 

3 Outplay ; three dnp)ay modes of tuns, tujrrn timt A date. 

4. AJirmi enroll switch wlththiny teeondi voice alarm. 

i Snao?* Tjminder voice a-arrrr o! thi fly tetond* iilBf A mi'fiUlfel Of flrJl voice 

alarm 
G_ Volume: t*o lev a I of voice output. 
7. Language j *-ap' able. English. 

Parrot SHI - . MQ.M 

Mynah BS*4 .._,." S25.M NOT A K1T< 



LCD THERMOMETER CLOCK NEWt 





Features: 

0.34" DIGITAL thermometer with Hi Si Low temperature alarm 

function end 12 hours dock combination. 

Measuring range: O'F to ISO'F or -20'Clo +70'C. 

Resolution reading: ^I.S'F. 

Dimension; 3.2" x 0,86* ^ 2.M". 

T-1 with in.'Ont Door sensor S3P m 

T -2 with Fahrenheit/Celsius maaauring . SI E 00 NOT A KIT' 



YAMATO 4001 3% DIGITAL MULTIMETER 



n&$ 




SPECIAL OFFER! 



The YAMATO 4QC1 is a 3^ DIGIT COMPACT DIGITAL 
MULTIMETER, it employs FE lype LCD, with large figures. Its 

ADVANTAGES: High accuracy in measuring. High impedance 
assures min. measuring error, One rotary switch allows fast & 
convenient operation. 26 measurement range enable wider 
application. Over-input indication & low battery \\i* appears on 
display. LSI -circuit use provides high reliability and durability. 
Measurement possible even under Strong magnetic field. 
Not a KIT. assembled with tested *33.so 



Shipping & Hanging Inside L A. 5% o( tad 



V/S4* 



NO C. D I Cashier's check nhons orders K«pt. order, (Min 1.50) . Outside L A. 10% of toul 



Calif Res Add 6.5% Sales Ta»- 

Prices <re subject to change without notice 



order, [Mm 2.50) . Outiitte USA 20°; of toul 
order. (Min 5.00) 
Shipped by UPS 



MARK V ELECTRONICS INC. 

248 E, Main Street, 
AHtarOordi V/S4 1 Suite 100p 

x -— ^1 I I Alhambra, CA91801 

Information (818) 282-1130 
nouns mom fri 10:00 to 5 oo Orders, (818) 282— 1196 

SATURDAYS 9 00 TO 12 00 POS» 7t?2 ALHAMBRA. CA 01 802 
TELEX: 3716914 MARK 5 



qvJ^i^^sco^ **f FAsT *0** 
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WB0^* SUM LINE 

r.nn\ \tan cam 



a8' 



EDGE 
CONNECTORS 

ALL ARE 1.S6' SPACING. 



22/44 E DGE CONN ECTOR 

PC style $2.00 each 

■si™ Si a. 00 
52/44 EDGE CONNECTOR 
soldor lug style $2-50 each 
21(56 EDGE CONNECTOR 
PC style S2.J0each 

■O'orSiJ.OC 
36 1 7! EDGE CONNECTOR 
PC style $3,00 aach 

43/16 EDGE CONNECTOR 
PC style S4.S0ai.ch 

TRANSISTORS 



2N706 
2N2222A 
PN2S22A 
2N2S04 
2 N 2304 
2N2905 
MJ2955 
2 N 10 5 5 
PMD 10K40 
TIP 121 
TIP 125 



4 let 5 I DO 

3 lor 11. 00 

4 lot SI .00 
3 lot $1.00 
3lorS1.00 
3 lot S1. 00 

$1.50 

SI. 00 

$1.00 

T5« 

750 



* SPECIAL PRICE' 
TRANSISTOR 

PN3569 TQ-92 N PN 

plaslic transistor 

100 for $8.00 

1000 for $60.00 

LARGE QUANTITIES 

AVAILABLE 



TRANSFORMERS 



120 VOft 
primaries 

5.£vollS<g75fJrria 
6 volts© !:Cm3. 
12 v.c.l.® 200 ms. 
16 volts® 650 ma 
ia volts JB lamp 
2* w.c.l. ©200 ma. 
24 v.c.l.ns 4DQma 
24v.c-l, & 15 amps 
30 v.c.t. ©2 smpt 



53.00 
51.25 

S2.QQ 

53.50 

54.50 
$2 50 
43.00 
520 00 
35.00 



WALL 
TRANSFORMERS 

■lipluQdirecHy 
-ntotEOvac 

out-el ^.i | *■■■■ 



4VDC^70ma, 
6 VAC Q 500 ma. 
G VDC @ 750 ma. 
* V DC @ SQ0 ma. 
12-5 VAC® 255 mi 
24VAC®250roa 
MULT!- VOLTAGE C 500 
3>4<4,B,7Vi <JoM2VDC 





MINI-BOX 



(1,00 EACH 

Hcavy-dutyErlnCk 
phenolic prO|4>ci box with COver and 
screws 2H'X1V*' KtiV 

fuses o=g 

3AG (AGC) SIZE 
1. 1H. 2, Pn.i 4. 5. 6 AMP 
GMA SIZE tTBr^sa 

1.2.3.4. 5AMP H*^*" 
5 of a n y ON E amperage 7 54 



% ■: 



SOUND 

AND VIDEO MODULATOR 
FOR T.I. COMPUTER 



Tl. # UM13B1-1 De signed lor use win. T.I, com- 
puters. Can Em usad wiSh video sources.. Bu- H ■ i n 

A/B Swilcfi Channe 3 Of 4 serecHOn switch 
Operate on 12 vdc HooK-up diagram included 

S10.O0EACH 



SPECIALS OF THE 
MONTH 

ALL V* WATT RESISTORS 

1 0GQ pes 1.1' one * j I ufi S 7. 50 

ftLLVi WATT RESISTORS 

lOODpcsol one value $9.50 

1 AMP 50 VOLT DIODES 

IN4001 TAPE AND REEL 
LOO foi S.4.50 
1000 far $30.00 

D STYLE CONNECTORS 
DB25 PLUS 10 for ill. 00 

100 forSlOO.OO 
BB2S SOCKET 10 fof $12.50 

100 for S 110 00 

SOLDER TAIL I.C. 
SOCKETS 

24 PIN 10 for $2.50 

100 for $22.00 

1000 for S200.00 



CASSETTE MIKE 

Dynamic cassette m.he wild 
3 jmrr plug aid on., ait switch 
$1.50 EACH 10 FOR $13.50 

TWIST-LOCK 

CONNECTOR 



•^OIN 



Same as Swtehcrafi #12CL5M 
5 conductor in-line plug and chassis 
mourn |ack Twist-locJi style. 
S2 50/SET 



COOLING FAN 




Etri$#99KM1B2low 
Fioise tan Measures 
3H" square a 1 deep 
2lt!m 23db.17f>0rpm: 
SPECIAL PRICE .412 



8" RA. SPEAKER 



C T$ Moduli 6B3079 

8 ohms coil 

3 oz lernie magnel 

Typical res ponse range 

100- 10,000 hi 
Power ra 1 ing t.5. vtiai ts m a a 
Drilled Ho "T>ount line 
matching transformers 



CASE OF 
J SPEAKERS 

532 0C 




LINE CORDS 



TWO WIRE 

6 ISTZSPT-lllal 3for$1.00 
6 18/2 SPT-2 flu 
6 16/2SJT round S12Seactl 

THREE WIRE 

6 -1673 Mai SI 50 each 

B'lS/3round S2. 00 each 
6 TB/3rwrtrJ $4.00 each 

COMPUTER S3& 
GRADE 

CAPACITORS 

2.000 mfd. 200 VDC **— * 

1*fc DlA.x5' HIGH $2.00 

3,600 mfd, 40 VDC 

lis/OIA xOJVHIGH S1.00 

MOO mfd. 60 VDC 

HI' DIA xiti HIGH $2.50 

9.700 mfd. 50 VDC 

1 1 *- DIA. * At*" HIGH $3-00 

31,000 mfd. IS VDC 

l'i'DIA. xj HIGH $2.50 

72.000 mftf. 15 VDC 
2'DJA x4V HIGH S3.50 

lS5.000mfd.eVDC 

2*VDIA.x4vr HIGH SI. 50 



Tl SWITCHING POWER SUPPLY^^ 



Compact, well'flsgulaled switching powei supply 
d&sicjnEO to power Texas Instruments r.&mnjlp* 
attuupment > 

INPUT 14 - 25 vac @ 1 amp Tl 

OL/TPUT ■ 12vdc@350mft 

- 5vtfc@l2arnp 

- 5vdc@200ma 

SIZE 1 W x 4'i" a 1 *' High * so ° * Hch 



f »J 



13.8 VDC REGULATED POWER SUPPLY 

/M/Mtfiftffh T"" 658 aresoiid slate. ruUyf&guEateci 13.B vdc 
/S//f////ff////Yi power supplies. Both Teaiure 100^=. solid state 
"*«/:% consi;uciion.1 use protection, and L. ED power 
inLiicator IJ L lisled 

2 ,i rr.p c o r> s 1 a nt. -S amp >u rg< s 1 1 ,00 eac h 

3 imp constant. Simp surge $25.00 each 




D.C. CONVERTER 
rJJJ 

(ki 



Designed to provide asleady ■ 5 
vdc (a 240 ma. from atoattery 
Supply OF 3.5 CO fi. 25 volts 

J 1.50 each 



7 CONDUCTOR 
RIBBON CABLE 




Spectra- str.p red matter strip 
28 ga. stranded wire- 
Si .00 pir 100 roll 



RELAYS 

10 AMP SOLID STATE 

CONTPOL 3- 32 vdc m 

LOAO: 140 vac 10 amp ^ At ,, « ? 

'i?E;2^-.vi«t- rSD 

$9.50 EACH 10 POR $90.00 

ULTRA-MINIATURE 

5 VDC RELAY 

Fujitsu # 

FBR211.NEDM5V20 
Hlah sensilrvlly 
COtL 120ohtns 
CONTACTS: I amp 
Mdyrils hi 1 4 Din DIP socket 
$1.25aach' 10 lor $10.00 
MINIATURE 

6 VDC RELAY 
Aremac #HSD j 6v 
Super Small 
S.PO.T. r^lay 
GCitfcoibfllt 
contacts, rated 

1 amp @ 30 vdc. Highly sensitive, 
TTL rt.recl drive possible I20phm 
cert. 

Op#fSte from 4.3 -& vdc 
OC4L 120 ohms $1.LS0«ch 

f/dK'Vn *■'/* 101orSl3.50 

13 VDC RELAY 

CONTACTS: S-PN.C. 
I0amp@l20vac 
Energize con to 
open contact . 
COtL: 13 vdc 650 ohms 

SPECIAL PRICE*!. 00 each 

4PDTRELftY 

lipinKHstyfe. 

Sampconiacls 

used but iirty 

(esled 51,70 aach 

SpeciTy cod voltage desired 

Enher&4ydcori20vac 

LARGE QUANTITIES AVAILABLE 

SOCKETS FOR KH RELAY 

7Bt**tfi 

RECHARGEABLE 

NI-CAD BATTERIES 



AAA SIZE 1.25V 500mAH $1.85 
AA SIZE I 25V 500mA H S1.B5 
AA wtllt solder tab $2,00 

C SIZE 1 2V 1200mAH $3.50 
D SIZE I ZV IZOOmAtt $3.50 

UNIVERSAL CHARGER 




Will charge 4-AA. C. D. Ot AAA 
nt-cads or arte 9 wait ni-cad al 
one time. . . 
$11.00 per charger 



P" 



2K10TURN 

MULTI.TJRNPOT 
-a SPECTROL 
-* * MOD 534.7161 
$5.00 EACH 



Star IRMB-06L 
SvrJc 

TTL compal.tjle 
Si. 00 each, 
to tor S3 oo 



± 12 Vdc or 24Vdc POWER SUPPLY 

DEUR0N MODEI. QD12/15-1.7 

Dual plus and minus !2Vdc open 

frame power supply. Can: be used as 

24Vdc@1.5amp INPUT; el [hat 

U5Vacw230Vat 

Fully regulated compuler flrade suootv 

7 - i4"i' I 2V 

$12.50 each 10 f« $110.00 




•SPECIAL PRICE- 
DUAL L.E.D. DISPLAYS 



W Tniin 

560 high, 7 segment LED. read- 
outs Mount in 24 pin DIP 
sockets 

MAN-6640orange.c.c 75«eich 
PND-5148 raa.ee 751 each 

0L-527red.c.a TSteaeh 



3W SPEAKER 




52,50 «ach 10 lor 320.00 



SPRING LEVER 
TERMINALS 

Two CGlQi 

coded 

terminals 

Sturdy 2 1* 
3W bakei: 
plate 



ft' pr = 1 

rceiilo I , . w 



CASSETTE 
MECHANISM 




Great lor speaker enclcisures or 
pdwer supplies. 
75tf EACH 10 FprS6 00 



New siereocass* tie rnechamsm 
Includes J'eccKdi.rpiByback ano 
erase heads aT-12V0Cmoiors 
dfme bells pulleys 3-12 VDC 
soSenoids. pviehirttieeisano oitiep 
mectianicai per is These pa* rs 
usedonolhercurrenr model 
dec^s fvcuid coss several titnrf s 
our selling pnee ■' purchased 
iepsraiety Build your own audro 
or ctatarecordera^uselotSDare 
parts S** X V i X 3' ■ 

57 50 EACH 2FCR512S0 



MINIATURETOGGLE SWITCHES 

ALL ARE RATED 5 AMPS @ 125 VAC 





S-ROeT. 

(on-off-on) 

PC style 

non-threaded 
bu&hing 
75e each 
10 lor J.7CC 



D.RD.T. 
(on-on) 

Solder lug 

terminals 

52.00 each 

1 for $19 . fj-fj tO 

loorprsiaoDo 



STANDARD JUMBO 
DIFFUSED TV/2 

RED 10 for 5150 

10C.lGrS13.00 

GfiEEN 10 lor 52.00 

100 for 517.00 

YELLOW I0for52.00 

"00 1m 51700 

?\ FLASHEH LED 



i 



5 von operanun 
red|urrtboT I 1 '* 
BiM 5l.0Qeach 

BI-POLAR 

lumbflTt^sizo 
2 for |1. TO 



LED HOLDERS^ „ 

Two piece holder ** — * WH 

loriumboLED 

10 Tor 65* tO0 Tor 55.00 

CLEAR CLIPLITE 
LED HOLDER 
M a ke LED a fancy 

»ndicator Clear 
'forSI.OO 



LUvHiV-'JI ^VV»a.< 
LOS ANGELES CA STORE 
90S S Vermont Ave 
213 380-8000 

VAN NUfS. CA STORE 
6720 Scpulvi-d.t Blvd 
BIB 997 1806 



MAIL ORDERS TO 

CO BOX 20406 

Los Angeles. CA 90005 

TWX ■ 5101010163 ALL ELECTRONIC 
EASY LINK MBX ■ 62887748 




TOLL FREE ORDERS ONLY QUANTITIES LIMITED 

1800 826 5432 MINIMUM ORDER $10.00 

(ORDER ONLY) USA: $3 00 SHIPPING 
(IN CALIFORNIA: 1 800 2SB-66661 FOREIGN ORDERS: 
ALASKA. HAWAII. INCLUDING SUFFICIENT 

OR INFORMATION SHIPPING 

(213)3808000 NOCOD" CALIF RES- AOD 6' i". 



D.RS.T, LIGHTED 
ROCKER SWITCH 

115 vac lighted rocker ^ 

Vies mounts ,n *^* 

h i t'i hole 

Orange lens T6 amp 

contact 

11.50 

MINI-PUSH BUTTON 

S.RS T momentary _ 

normaJly open X7 

Vi' bushing ML 

fled button Sy 
35* each 

10 for $3.00 TO 

4^JSNAP ACTION 
]f %/ SWITCH 

Cnerry elect *E-2l NO.orflC 

0. 1 A contacts. Suitable for a!a ims 
end oiher low energy circuits 
t^" lever. 

JfC EACH 10 FOR 54.20 

ROTARY ACTION 

MICRO 

OMRON -C 5G3C4I 
Ctcc kwi se aei ton m i n rt 
used in com operated 
mechanisms and 10* tdrdue 
opera! ions 

HATED: 5amps@ 125 vac. 
$1.25 each 10 for $11.00 

LARGE QUANTI1IES AVAILABLE 
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rn 

CD 

C 
> 

< 

00 
01 
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REPLACEMENT FOR 



ECG®/GE®/SK 



® 



TRIPLERS Miiuw/Tvpe 

WOA/iKiida 9.95 

___ .CE538 „ __ 

523A«i!cs 9.95 

526J17sk»oe 9.95 

528/5m9os 12.75 

..11.80 



529/sks:o7 . 



OUTPUT 
TRANSISTORS ^ 

„,.,Slt!11S S ™"2 

165/gejb 2.25 

23S/«j"rj 2.25 

285/si!j4S7 2.75 

1500V 



25D1341P/7 



. 2.25 



100 Min 
1.95 

1.95 
2.25 

1.90 



AUDIO POWER 

10PcMln 100 K Mir 
152/SKJB9! .50 r^ .24 
155/50371 .30 j£) .24 



196/5i:;;--: 

197/SK50BJ 
291/SKMW 

2 92/ SB! a-: 



.50 

38 

.59 

.49 
.49 



* 



.54 

.44 



RECTIFIER 

DIODES 

IDDPtMln idoO PC Mm 

125 10MV/2 5A + 07 .05 

198 1QO0V/5A .18 .14 

___ oamper-mvoit _- __ 

50c PastRecoverY .23 .22 



SPECIAL OF THE MONTH 

375/SK9118 flflClOPCMin 39C 10CPCMW 



712 



TV Sound /IF 
FM/DET 



75* 



ia Pc Mm 



604 



SUPER SAVINGS 





10 


100 




10 100 




10" 


Kin 




MIN 


M!\ 




MIN MIN 




Mm 


MIN 


85 


.21 


.18 


159.... 


. . .16 .11 


189.... 


.. .50 


45 


102A . . . 


.55 


.29 


160.... 


.. .88 .77 


190.... 


.. .59 


.50 


108 


.18 


.14 


161.... 


.. .65 .50 


191.... 


.. .65 


,55 


123A... 


.18 


.14 


1B2.... 


.. 2.25 1.95 


198..., 


.. .65 


53 


123AP.. 


.13 


.09 


16SA.. 


.. 2.35 1.99 


199.... 


.. .18 


.12 


128 


.58 


.33 


171.... 


.. .49 .39 


234.... 


. . .19 


13 


129 


.38 


.33 


184. . . . 


.. .38 .30 


287. . . , 


.. .29 


23 


130 


.59 


.53 


185.... 


.. .38 .30 


288.... 


.. .29 


22 


154 


,7S 


.65 


187. . . . 


.. .48 .40 


376.... 


. . .55 


,49 


157 


.49 


.39 


188. . . . 


. . .50 .05 


598.... 


.. .59 


.49 



FOgACO¥PL£TEUSTCAU0ltWI!ITE~C00 Oraeri Welcome (MM Orflef |;Sj 

DIGITRON ELECTRONICS 

110 HILLSIDE AVENUE, SPRINGFIELD, NEW JERSEY 070B1 
Toll Free 1-M0-!»-4t)M In NJ S011S7B-901B Telex 1S8441 

PRICE? SUBJECT TO CHANCE WITHOUT NOTICE. OFFER GOOD WHILE SUPPLY LASTS. 

ECC Is 2 Trade Mane of Philips ECG 

Digit -on Electronics Is not associated In any way with Philips ECG 
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SOLAR CELL SPECIAL: 4 In. Diameter Rated .45 VDC At 1.2 
Amps Or Better. Brand New Units, Cosmetic Seconds, But 
Perfect Electrically. ! 3.99 6/S20. 



THE NEW ZRT-80 

CRT TERMINAL BOARD! 

A LOW COST Z-80 BASED SINGLE BOARD THAT ONLY NEEDS AN 
ASCII KEYBOARD, POWER SUPPLY. AND VIDEO MONITOR TO MAKE A 
COMPLETE CRT TERMINAL. USE AS A COMPUTER CONSOLE. OR 
WITH A MODEM FOR USE WITH ANY OFTHE PHONE-LtNE COMPUTER 
SERVICES. 
FEATURES: 

* Uses a ZflOA and 684S CRT 
Controller for powerful video 
capabilities. 

* RS232 nl 15 BAUD Hales l mm 75 
to 19.200. 

* 2A x $a standard lormal (60 Hi). 
- Qplional formate from 24 * 8G 

(50 h.'i lo 64 fines < $6 characters 
[60 Hi), 

* Higher density iormaii require up lo 
3 additional 2K x 6116 RAMS 

* Uses N.5 INS A2S0 BAUD Rale 
Gen. and USART combe IC 

■ 3 Terminal Emulation Modes which 
are Dip Switch selectable. These 
include 1he LSI-ADM3A. the Heath 
H-19. and the Beehive. 

* Composite or Split Video 

* Any polarity ol video or sync 

* inverse Video Capability. 

* Sm&ll Sue: 66 a 9 Inches. 

* Upper & lower case with descenders. 

* 7 x 5 Character Matrix. 

■ Requires Par, ASCII keyboard. 




|95 

SZHT-80 
(COMPLETE KIT. 2K VIDEO RAM) 



FOR a IN. 

source disk 
(cp/m compatible;) 

a do $10 



BLANK PCB WITH 1716 
CHAR. ROM. 2732 MON. ROM 

S4995 

SOURCE DISKETTE - ADO S10 
SET OF 2 CRYSTALS - ADD S7.50 



Digital Research Computers 

(OF TEXAS) 
P.O. BOX 381450 . DUNCANVILLE TX 75138 • (214) 225-2309 



Call or write for a free catalog on Z-80 or 6809 Single Board 
Computers, SS-50 Boards, and other S-100 products. 



TERMS; Add S3.0D postage. We pay balance. Orders under 515 add 75c handling. No 
CO D We accept Visa and MasterCard- Texas Rei. add 5-1/8"., Tax. Foreign orders 
{except Canada) add 20- : PAH. Orders over $50 add 85c lor insurance. 



O 

Z 

O 

DC 

\3 

LU 



Q 

< 

CL 



130 



X75 

1 w 

. 100 



8.75 



CPU h * & SUPPORT CHIPS 

ZAOACPLj 1.TG KBS BOO 

jbqr hfu 4 .bo aoea 7.50 

Z80ACTC 1.05 BIMM 3.JB 

iH»LJ*K7 5 3i 0202 9,00 

Z30ADM4 s eo ail 2 

2«AHu 1.05 5214 

ZsoASio 5.50 «m 

B2C43 275 423* 

AVDrK, 4.0Q B22S 

B502 2.7S 8M7S 8.50 

6600 I.J5 B238 

sao; 4.S0 bigq 

8KQL 0.00 5751 * 240 

K90Q s.-iO 8253 V 75. 

681 Q %.T§ 9255A5 1.B5 

■.7." 1.75 83*3 :■■::. 

$04! 4 .60 8250 2.*0 

e.dr : g l.TS 8272* 4.76 

SB75 4,60 BJTfi 9 JO 

t>73}0] -2L>i S27B-B 5 <Q 

KG 5 1,M S»S si. 75 

■OHA Z.H BJ5S l£K 

aOSSA ?.75 B74« 900 
TMSVHslVLff.SS 

shi Ft eswoLa to.m 
ROftTi 



HfltW[ 

3C1S T 

21 L03-I 

notiM 

211 1A 

aiia-i 

2114-3 
11 1H 

JH7.J 2.14 

3242 f V. 

TWS340B 1.71 

MKIPJI.J 5L 

TMS*05aNL 1.7B 

uiune-11 t.2B 

*'»] l.H 

41 1M 



1.7b 



1,76 



1 .71 
1.29 

4.M 
2.M 



lir.rjSETFRR 
WM1402 1,75 



TPairJS42 3.50 

S2SMK tJBS 

KSi-30 1,» 

KB131 1.60 

TI»62B5l6fi 950 

823 191 4.50 

rflS*M 1.B6 

a-wa 3T5 

3716 tSV 3.7S 

2»i* 2jU 

INTER FACE* 27B4 400 



MM 1404 1.7} 
UU6013 2.50 
MH6g$4 3.50 
UH60H 2.W 
MMEA67 3.60 
MM50H 2&0 
UMSOBO 2.50 



•till 

4f64-15 

MKnlWa 

zeicri-4 

EUSl JM 

hibt'-i 450 

C2MLr-i5 4.50 
•11& 12 4.95 

»a» _ i to 
Disc 

Controllm 
&?6cSt 4J!o 
1771 4,75 
17111 9.50 
11*3 *J0 
1 795 12,00 
1797 92.00 



DRIVERS 



TH1B02B 3JB 

BH1W1L 6.9J 
AY5SH3PTO 9.B6 
CFITKICI? TB^6 
7JB 

1 75 
2.00 

2 ■ 



8U7 



S341A 2,95 

M3BA.3 J.CO 

Bill 1,95 

(JBS-a 1J26 

AWffiZMC 793, 

TTiaa 340 



TOSGLE 

SWITCHES 
iqgd. sl*bT • oc 
20aD-lH*OT- t.44 
:wp nftn I.EK 

"ur.'r- Of I 



DIP SOCKETS 
9P|N .10 J2PIN .15 
T.4PIH .11 MhK 20 
IIPiH ,13 aris M 
KPlH ,1S <W>ntf K 
20 FIN _ia 



WIRE 

WRAP 

SOCKETS 

74 Hit 45 
15 PIN 50 

ra pin .as 

JO ?\H -M 

:ih' ( l.io 

»M« 1.25 

40PJH 1.» 



CRVSTALS 

■,643 COW 
i.OM t.144 
3.000 BDGa 
3 5-7Q 10.DOO 

4,000 leooo 

■5.000 15.432 
29,000 
1.75 « 



HO, M 
WIRE WRAP 
WIRE SINGLE 

STRAND 
lOO' r , ,*1.40 



DB 
CONNECTOR 
DB9P > BO 
PBSJ5 ■ J 95 
MdOOS - S .05 
DB25F -11.25 
DB25& Si M 
HOOCK - 1 05 



TRANSISTOR SPECIAL 



TlMlB HPM S. ID77TJ . 5 40 
TIP33B PNP Si T9-22D- . . f .« 

TIPMfl^PSI f jl 

TIPlll ...,..* JSO 

TIP 121 PHP Si U*4 . . . . f .60 
TIP 141 NPh-fi: UBT *.... Ii XI 

TIP 145 tlJB 

BU205 . J1.7S 

3N4MA PNP GE TQ-S. . 3-rt.T.fla 
3M1307PHPQE TO-5. . .t JW 
DPS2000-DUAL 

POW£R DARL- . . . SJ 5^ 
3N3223 NPN Si tO-18. - 7;(: W 
2N2KJI PWP 5.. TO-1 B . 7VS1 OO 
TIP 2355 P*JP3 f ... . I .70 
JN30S4 NPP4 S. TOJ . . | jOt> 

MJE.-3055T, , I j» 

2NJ9G4 HPN Si TC 52 . 7 ( '11.00 
3N3IMG T.P Si TO-92 . . Trll.00 
3W450H J» MP SI T 3 . .(ICO 
2fJeiO9PNP51TD-220 . * ^^ 
WjE130O9A400Vln|PN . 11.00 
UriF4004CMnF 

THANSISTOFI HPN . t .75 
HfPG»14-PNPGET0-3i .B6 



TTLICSERtES 



7400 .18 

7401 .19 
?4D3 .19 
Mfl3 .18 
7404 .19 
740ft .35 
74DB SI 
7407 .27 
740* -74 

7409 .11 

7410 .It 

7411 .25 

7432 .25 
Ml3 .35 
7414 .45 
74 lit .25 
7417 .35 
7420 JO 
7425 .27 
74M JO 
7427 .27 
7430 .20 

7433 .37 
7437 .27 
Tn3a .29 
1440 .30 
7443 45 
7445 .55 
T44Q 70 
1450 .30 
7*?; 33 
7473 ~>l 
74T4 J2 
74)5 S5 
7470 50 



7491 

7495 
7495 



46 741701.50 

60 74173 .75 

-,i 74174 es, 

3 5 T417B 31- 

BO 7417E 75 

39 74T77 .85 

40 7411* .75 
,50 741&I 3.00 
35 74182 75 
.SO :4'EJi:o 
,54 74190 HO 
.H 74191 .80 

U 107 30 J41« -» 

74116 1.20 7410J .75 

74121 .30 741*4 -» 

34173 ,45 74195 ,» 

74123 ^15 74198 ,75 

7412S 41 74197 -BO 

74136 .45 741B91.25 

74145 .80 74221 1.25 

74148 1.30 J42B1.M 

741601^51 74279 .70 

74151 55 7429B .80 

741 53 .55 7430$ .85 

T4154 134 743*7 ^5 

74158 .75 74390 JK 

74157 .55 75316 1.60 

741U 60 71433 I. DO 

74160 05 9601 1,00 

74151 .05 S802 .BO 

74T82 .05 8T20. 1.10 

74183, .OS rjT76 1.10 

74104 ,85 BT97 1 10 

74185 85 BT« 1.10 
'*■;■« i .-■: 



tOQ Jt5 .40 1.40 

300 .40 ,» i,» 

400 .50 .70 2.40 1 

800 «Gt.{6 3.6Q l 



TRIACi 

PHV ia sea 25A 
104} J!j GO 1.40 

aoo .50 ao i ho 

400 .701.00 280 
600 1.00 1-20 a*o 



LINEAR CIRCUITS 



DACOflEQ 3 75 

TL062CP » 

TL064CN 1 .M 

TL0T2 1JO 

TL003 90 

T10B4 1.30 

LM201 .» 
UU301J749 15 

LM307 .45 

LM3« 66 

LM3T0 1.10 

LM311 '.65 

LMSte l-» 

LM31B 1,10 

LJH324 ah 

LH339 » 

UU34B .« 

LF.J5I JB 

LP3B3 » 

1^355 90 

LF350 1 £0 

LM35B 5L 

LM37t> l & 

LM3SO BS 

LMJ4B4 1.80 



LM3EH .85 

LM3S7 1.25 

LM393 .40 

LF390A 3.00 

AD508JH 2.50 

ADSJUD Jj>6 



VC592 

J03CH 
LM7I0 



LM1381 



IjOO 



usa .ao 

LMISDB 1,75 

AD27O0LD 4.85 

LM2»1 .95 

CA3018 185 

CA3045 1.20 

OUOISAT 1.50 

CA30OO .8S 

CA30B96 1 .75 

CA3094 1.30 

CA313Q .SO 

CA314Q .75 

SG3543 .70 

KC3544 1.00 
CA3S22 



.29 LMJWO 



,45 



CA756 1,75 

LV7SUCT ,50 
UA794 BO 



LM3909 

4135 .85 

N6534 1.00 

N5505A 1 .50 

9DDO0O 1,00 

8700CJ 5.95 

1^413000 .99 



74000 as 
74C02 .25 

T4C04 .35 
7+COB 25 
74C10 .25 
7+C14 .55 
7+C20 .25 
74C17 35 
74C43 1,10 
74C74 J5 
J4C1»J «D 
74013 1.20 
74CB5 1.25 
74CW 45 
74CB3 1,00 
74C1B4 3.D0 
TnClC 55 
74C174 .95 
74C17B -95 
T4C193 1.40 
74C 345 1.75 
740901 35 
74CS02 .40 

j4tgoj .» 

34CS07 .75 



74C9151.10 
74C921 3.50 

4001 .IS 

4002 .20 
4000 .65 
4007 30 
4MB .85 



4O10 
4011 
4912 
4;.ij 
4014 
4016 
4016 
4017 
4018 
4018 
4020 
4021 

4022 85 

4023 35 

4024 .48 
4035 35 

■!■:■:: 1.2s 



46*t 

«04 1 
4049 

OH 

torn 

40B2 

•on 



.3t 


4073 


K- 


74L522 




4078 


55 


74LS2B 


■ 


4077 


JJ 


74L537 




4001 


10 


74L528 


m 


4052 


28 


74LQ0 


L-L, 


4003 


■■-■, 


74L53a 




4000 


i f.r, 


T4U37 


.76 


4501 


■.... 


74LS38 


V'j 


4503 


-4i 


74LS40 


£5 


4506 


re 


74L44I 


55 


4510 


JBB 


74LJ4 7 


i.-j 


4511 


j» 


74LS48 


H 


4513 


75 


I4L»1 


.86 


4514 


JH 


74LS54 


ja 


481B 


tJ» 


J4L573 


,'H 


4B16 


75 


74LS74 


'.•■; 


45IS 


ti 


74U75 


H 


4520 


.78 


74L578 


•^ 


452S 


-» 


7%LSK3 


fH 


4S9 


1-40 


74LSH5 


.'li 


453B 


H 


74L5M 


n 


4539 


1.60 


74L590 


-1H 


4£419 


1JO 


74LS92 


a 


4553 


1,75 


74LS93 


n 


4583 


JO 


74L5fl5 




■TEAS 


n 


74L5H 



74500 

74S02 
74*03 
74504 
74505 
74508 
74509 
74510 
74511 
74SI5 
74520 
74S30 
74533 
74540 
74S42 
74S51 
74S74 



,35 ?4Sfl5 ^0 

.?9 745« 35 

.39 74549 3,00 

.28 745112 .50 

.29 74SI13 .60 

.35 746134 3,30 

.40 745133 .45 

,2S 74S13S ,8S 

.25 745138 75 

45 741138 .76 

.28 74S140 $b 

.29 745151 75 

45 74$! 54 .78 

.29 743157 .76 

.BS 7451 5B JO 

45 5451*1 l.» 

.45 745153 125 



74S185 1.60 
745 ■ 74 ,75 

74S175 .75 
745 1 11 J.I30 
743 1B3 2.00 
745160 l.BO 
745184 1,30 
745195 1.30 
745740 1.40 
745241 1.40 
745244 1.2E 
745351 .35 
745287 90 
74S280 -75 
7453.73 1.85 
745374 t.8S 



74LS SERIES 



74LS00 
74U0I 

74LS02 
WLS03 
741,504 
74LS06 
74LS06 
74L500 
141.510 
T4LS11 
74L513 
74L513 
74 LSI 4 
74L515 
74L32Q 
MLS31 



.17 74LS107 JB 

17 74U109 35 

.17 74LSI12 JB 

,1? 74UI113 33 

17 74LSU4 43 

.17 74L5I23 -45 

17 74US125 35 

17 74L512G 35 

.17 74U133 38 

40 74L1138 35 

,37 7414113.7 40 

.25 74U138 45 

4B 74L3139 29 

25 74LS161 49 

.17 74U-153 45 

33 74LS155 68 

22 74L5155 45 

.21 7414167 .35 

.23 74141 GO 39 

2A 74L5151 48 

17 74LS152 .49 

.17 741-5163 .49 

26 74LS154 45 

26 74LS1B5 45 

.17 744J5166 95 

33 74L41B9 .90 
.75 74LS170 EC 
.05 74 LSI 73 .49 
,13 7414174 .39 
.22 74 LSI 75 .30 
.25 74L51BH.40 

34 74LS1B0 49 
.29 74 LSI 91 .40 
.29 74L4182 .65 
.45 74L51B4 .65 
.45 74L51LM .55 
22 74L519B 05 
.39 741-5180 .55 
.45 74L5197 .55 
.45. 74LB221 E5 

48: 74L5240 .06 



74L5241 65 
74LS242 .KB 
74L5343 65 
74L5244 .85 

74LS24S 75 
54LS24E:i.40 
74LS247 75 
74LS248 .65 
I4LS2B1 .46 
74LS253 45 
74L5257 .39 
74LS258 .45 
74L5359 1.20 
741^5280 .45 
74LS308 5fi 
74L5273 .75 
74LS278 40 
74L5 3801.70 
74U2S3 55 
74143QO DC 
74L5293 80 
74LS295 05 
74L633O2-00 
74LS323 2.40 
74LS3B5 39 
7444)365 38 _ 
74U357 48 
74LSMa 39 
74LS373 75 
74U374 .75 
7414377 75 
74L535C 45 
74L53901.TO 
74LS491 .75 
74L430$3.50 
74 L5440 200 
74L5541 1.40 
74L58251 78 
74L40B41.45 
74L4070 5-5 
BIL5O0 14C 



nn ir.TE D CIFUCUIT SOARD 

" PoutrLtStdid rjnos, Botrttm 1/15" 



E POXY GLASS VECTOR BOARD 

1^18" thick with 1/10" WKlnp 

411" "ftH" 83.40 



TANTUI UM CAPACITORS 



.23UF 35V 
47LF 3BV 
,MIIT 35V 
HJF30V 

a.auF aov 

a.auF sov 

6-itfF 20V 
1DUF 20V 



5«1.00 1BUF18V 3/11.00 

5/tl.OO 32UP= 10V ■ .30 

5/51.00 30UF0V i.li.oo 

5J51.00 33UF 15V It .50 

5/51.00 47UF 30V $ JS 

4/ti.OO 150OF16V 6^40 

4JK1.00 3OOUF20V tl.75 

5 .40 33DUF 10V 11.75 



DISC CAPACITORS 

1UT- my. .. IOV11.00- , .100/58 00 

01 UP 35V . . [15/5 1 OO. , . 100/15.00 



REGULATORS 

,-iILDS.o 12 5 40 L1433aK 53.75 

LMHsa 5 Ti 340T.54A 

LM317T I .90 5.12.15. 

320T 5,13,1a 1Bar24V 5 45 

of 24 ► t 46 734 » ,4B 

7BM5. 12 ■:- i.5 t 40 LAS1412 

323K4LA14D5] 11.75 * 12V3A 53.55 



L1411-II 

FP 10G f^t-v-j T'*-,i .,» 

HrULEp', 3 ■ 

Y<l. Gr, or AnhT Lg LEG L .2" 
AidGrHn B.ipolJi- LEO ...... 

RtaTihrjrvE.prjl,, LED , , . , 

MLEDD2 in LED , 

MK'JlM enow DihI KTGfl . . . 
HCT2 Opc* l»JJW*t. 



. 3/11.00 
t .50 

. lO/Ji.OO 

a/Si .00 

. . t .90 
. . 1 .90 



9F, 400 Dtim cell 

.7B 

B.P 400 ohm toti 



PRINTED CIRCUIT BOARD 
4" k 6" DOUBLE $lDEO E*01Cr 
BOARDED 1710" THICK 
SEC 11 6/1280 



FULL, WAVE 

BRIDGE 

FRV 2A «A 25A 

100 140 

200 .80 1.30 2.20 

400 1.00 1.BB 3.30 

OOO 140 l.M 4.40 



20KV OIODES , 



■-T5 
CT5 
CTS 
CTSTOfl. 



OIP SWITCHES 



208- 7 7 POrjIlHW .95 



SILICON POWER RECTIFIERS 

PAV IA 3A IIA SO* 12AA Z4QA 

100 05. .14 45 .90 550 8.50 

200 .OS .17 ,50 1,30 7.00 0.00 

400 .09 25 .85 1.50 ID.OO 17.00 

800 .11 40 90 3.00 13,00 15.00 

BOO .13 45 1.00 2.50 16.00 18 00 

lOOO 30 45 1.25 300 2O^0 3800 



MULT, TURN 
TRIM POTS 

5QQHM 
100 OHM 
1000 QHM 

BK 3OK.10OK 
.3/52,00 



ADD 1D% FOR ORDERS UNDER J2&.M 

ADO 5% FOR ORDERS BETWEEN' *2&.00 AND $50,00 

ADD 3% FOR ORDERS ABOVE 650-OQ 



TERMS: FOB CAMBRIDGE, MASS St HO CHECK OR MONEY ORDER 
MINIMUM TELEPHONE, COO PURCHASE CODER DPI CHARGE. (30,00 
M I ', ■ ' 1 . ',' MAI L Ofl DEPJ 55 00. 



SOLID STATE SALES 

P.O. BOX 74 D - SOMERVILLE, MASS. 02143 



TEL (617) 547-7053 
TOLL FREE 1 •80&343-5230 

FOB OROERS ONLT 



SCMOi.25 FOHDUPJ CATALOG FEATURING 
THANSI5TQHS * REonF|k)HS. 

145 HAMPSHIRE S.T . CAMBflSOOE.MASS. 02139 



WE SHIP OVER 95% 

OF OUR ORDERS WITHIN 

24 HOURS OF RECEIPT 



.,r,~. c -rj nu cdcc lucnDMiTinjj r:AF)D 



BUILD YOUR OWN XT COMPATIBLE SYSTEM 



640K 

XT COMPATIBLE 

MOTHERBOARD 

• 4.77 MHz 8088 CPU, OPTIONAL 
8087 CO-PROCESSOR 

• 8 EXPANSION SLOTS 

• OK RAM INSTALLED, EXPAND- 
ABLE TO 640K ON-BOARD 
MEMORY 

• ALL ICs SOCKETED— HIGHEST 
QUALITY PC BOARD 

• ACCEPTS 2764 OR 27128 ROMS 



Jj?s*f7 



M 



ml 



it Wit 



mi\ 



ONLY $169 

Computable with all IBM-PC/XT 
hardware and software. Use with 
our flip-top case, power supply and 
either accessories to build a com- 
plete XT compatible system. 

PRO-BIOS $29" 

IBM XT Compatible BIOS runs virtually all IBM software, even Sidekick! 
EXTRA FEATURES: Control colors from DOS 

Park heads on the hard disk with Control-Alternate-Break 



i i.L 



HARD DISK 
SYSTEMS 



M1HISGRIBE/SHUGART 

10 MEGABYTE HALF HEIGHT 

SEAGATE ST-225 
20 MEGABYTE HALF HEIGHT 

includes short slot HD controller, cables, 
mounting hardware and instructions. All 
drives are pre-tested. One year warranty. 



,'"■ « 



<*&* 



VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCQM AVENUE IN SAN JOSE 



JDR Microdevices 

1224 S. Bascom Avenue, San Jose, CA 95128 

800-538-5000 • 800-662-6279 (CA) • (408) 995-5430 

FAX (408) 275-8415 • Telex 171-110 



HOURS: M-W-F, 9-5 TU-TH. 9-9 SAT. 10-3 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERING 

TEftMS Minimum order JIOIHJ. For shipping and ftandtmg include $2.50 lor UPS 
Ground and S3 50 for UPS Air Orders over 1 lb 2nd lentigo orders may require 
additional shipping eFwges ■ please contact our sates department lor the amouni CA 
residents must include applicable safes lai. All merchandise n warranted for 90 days 
unless otherwise slated Pnees are subject 1o change without notice, We an? not 
responsible Tor typographical errors We reserve the ngfrt id limit quantises and to 
subHilute manufacturer. AIL merchandise tub|ect Id poor sale 



E Copyright 1985 JDR Microdevices 



fllRr.l F 0W> ON PRCF IMEI-imuATir-iu fion 



CO 

d 
> 

ID 
-< 

(O 
03 



131 



4164 200ns 690 



g 

2 

o 

cc 
(- 
o 

LU 

_l 



< 

EC 





STATIC RAMS 




2101 


256x4 


(450ns> 


US 


S101 


256x4 


(450ni}i;CMOSI 


3.95 


2102L-4 


1024x1 


(450nsHLP| 


.99 


2102L-2 


1024x1 


1 2 50ns H LP) 


1.45 


2112 


256x4 


14 50ns I 


2.99 


2114 


1024x4 


1450ns) 


.99 


2114L4 


1024x4 


1450nsHLP| 


1.09 


2114L-2 


1 024x4 


l200ns|(LP| 


1.49 


Z114L-15 


1024*4 


(150nsHLP| 


1.95 


TMS4Q44-4 


4095x1 


(450nsl 


1.95 


TMM2016-150 


2046x6 


(tSOntl 


1.49 


TMM201 6-100 


2046x8 


■ --IN,,-: 


1.95 


HMtillG-l 


2048x8 


(200ntl[CMOSI 


1.39 


HM6116 -3 


2048x8 


1 iOi . CMOSI 


1.49 


HM6116LP-4 


2048x8 


[20Qnsl [CMOSI (LP] 


1.49 


HM61 I6LP • 


2048x8 


(ISOnsXCIHOSKLP) 


1-59 


HM6116LP2 


2048x8 


[120ns) [CM 051 (LP) 


2.95 


HM6264P-15 


a 192x6 


11 Son:.!. CMOS. 


3.89 


HM6264LP-15 


3192x8 


[1S0ns) [CM OS) [LP] 


3.95 


HM6264LP 12 


8192x8 


(120ns)[CMOS)(LP) 


4.49 


LJ L Low pavuGw 

DYNAMIC RAMS 




4116250 
4116-200 


16384x1 
16384x1 


[250 ns) 
[200 ns) 


.49 
.69 


4116150 


16384x1 


(150ns) 


.89 


4116-120 


16384x1 


(120ns! 


1.49 


MK4332 


32768x1 


(200ns) 


6.95 


41 64-200 
4164-150 


65586x1 
65586x1 


(200ns) 15V1 

(150ns)(5VJ 


.69 
.79 


4164-120 


65536x1 


[120ns)(5Vl 


1.95 


MCM6665 


65536x1 


[200ns) [5V] 


1.95 


TMS4164 


65536x1 


(ISSnsKSV) 


1.95 


4164-REFRESH 
TMS4416 


65536x1 
16384x4 


(150ns](5VIIREFflE5H, 2.95 I 
[!50nsl[5V] 4.95 | 


41126-160 


131072x1 


(150ns)[SV) 


5.95 


41266-200 


262144x1 


(200ns) [5V) 


2.95 


41256 150 


262144x1 


(15Dns)(5V} 


2.95 


L 5V Single 5 Volt Supply 


REFRE8H = Pan 1 Rnlrnah 



41256 150ns $2.95 



8000 


8085 


1.49 


S039 


1.95 


8080 


2.95 


8085 


2.49 


8087-2 


139.95 


3087 


109.00 


8089 


6 95 


3099-2 


9.95 


9155 


2.49 


9155 2 


3.95 


8748 


7.95 


8755 


19.95 


80286 


129.95 


180287 


185,00 J 



8200 




8203 


29.95 


8205 


3.29 


8212 


1,49 


8216 


1,49 


9224 


2.25 


8237 


4.95 


9237-5 


5 49 


9250 


5.95 


S251 


1 69 


B251A 


1.89 


8253 


1.89 


8253-5 


1.95 


8255 


1.69 


8255-5 


1.89 


8259 


1,95 


8259-5 


2.29 


8272 


4.95 


8279 


2.49 


8279 5 


2 95 


8282 


3.95 


8284 


2.95 


8286 


3.95 


L8288 


4.95 



r 6500 


1.0MHZ 


6502 


2.79 


65C02; 


,MOS' 12.95 


6507 


9.95 


6620 


1.95 


6522 


4.95 


652E 


26 95 


6532 


6.9S 


6545 


6.95 


6551 


5.95 


6561 


19.95 


6591 


34.95 


2.0 MHZ 


5502A 


2.95 


6520A 


2 95 


E522A 


5.95 


6532A 


11.95 


5 545 A 


7.95 


5551 A 


6.95 


3.0 MHZ 


6SOZB 


695 . 



CRT 




CONTROLLERS 


6845 


4.95 


68045 


895 


6847 


11.95 


HD46S05SP 


5.95 


MCI 372 


2.95 


8275 


26.95 


7220 


19.95 


CRT5027 


12.95 


CRT5037 


995 


L TMS9918A 


19 95 



• •••HIGH-TECH**** 
NEGV20 UPD70108 $20 95 

REPLACES BD8B TO SPEED UP IBM PC 10-40<% 

* HIGH-SPEED ADDRESS CALCULATION 
IN HARDWARE 

* PIN COMPATIBLE WITH 8088 

* SUPERSET OF 8086/8088 INSTRUCTION 
SET 

« LOW POWER CMOS 

8 MHZ V20 UPD70 108-8 $24.95 
8 MHZ V30 UPD70116 8 $26.85 

• •••SPOTLIGHT**** 



ORDER TOLL FREE 



ililiBi-riiBililili 



600-662-6279: 



CRYSTALS 



2708 


1024x8 


{450ns r 


3.95 


2716-6 


2048x8 


16S0ns1 


2.29 


2716 


2048x8 


(450nsH5V) 


1.95 


2716-1 


2048x8 


<350ntl{5VI 


2 49 


TMS2532 


.lOltfisB 


t450n»H5v1 


3.95 


2732 


4096x8 


(450nj((5VI 


2.29 


2732A 


4096x8 


|250iis||5VH21V PGM! 


2.69 


2732A-2 


4096x8 


!Z0OnsH5VH21V PGM! 


3.95 


27C64 


3192x8 


!250ns,{5VHCrViOS] 


5.95 


2764 


3192x8 


(4SOnsl(5V) 


1.96 


2764-250 


3192x8 


f250ns)lSV) 


2.49 


2764 200 


8192x3 


I200UM5V) 


3.49 


TMS2S64 


3192x8 


1450nxH5U) 


8.95 


MCM68766 


8192x9 


!350nt)l5VM24 PI Ml 


17.95 


27128 


16384x8 


(2S0n>M5V1 


2.79 


27C256 


32763x8 


1250ns 11 5VHCMOS) 


12.95 


2725E 


32768x8 


(250ns)l5V) 


7.49 


5V. Single 


5 Veil Supply 


21V FGM-Piaijrjmal 21 VolU 



OSPECTnONICS 
CORPORATION 



EPRDM ERASERS 




Model 


Timer 


Capacity 
Chip 


Intensity 
(uUVCn 1 ) 


Unit 
Price 


PE-14 


NO 


9 


8.000 


SS3.00 


PE-14T 


YES 


9 


8.000 


$119.00 


PE-24T 


YES 


12 


9,600 


11/i»l 



Z-BO 




ZSQ CPU Z&Mti 


f 1 .79 


4.0MHZ 


ZSOA-CPU 


1.89 


Z80ACTC 


1.95 


J BOA-DART 


5.95 


Z80A-DMA 


5.95 


Z80A PIO 


1.95 


ZSOA-SIO 


5.95 


ZSOA-SIO/1 


5 95 


Z80A-SIO/Z 


5.95 


6.0 MH, 




Z80BCPU 


4.95 


ZSOBCTC 


8.95 


Z80BPIO 


8.95 


Z8QB-DART 


14.95 


Z80B SIO/0 


12.95 


Z80B SIO 2 


12.95 


.Z8671 ZILOG 


19.95 J 



6800 


1 


1.0 MHZ 


680Q 


1.95 


5802 


4 95 


5803 


9.95 


5809 


5.95 


6S09E 


5.95 


6810 


1.95 


5820 


2.35 


6821 


1.95 


6840 


6.95 


9343 


19.95 


S344 


12.55 


6345 


4.95 


6847 


11.95 


5350 


1.95 


6883 


22.95 


2.0 MHZ 


68 BOO 


4.95 


68B02 


5.95 


GSB031: 


7.95 


BBB09 


7.95 


68B21 


4.95 


69B4S 


8.95 


6SB50 


3.95 


68B54 


7.95 J 



DISK 




CONTROLLERS 


1771 


4.95 


1791 


9 95 


1793 


9.95 


1795 


12.55 


1797 


12.95 


2731 


19 95 


2733 


19.95 


2797 


29.95 


6843 


19.95 


8272 


4.95 


UPD76S 


4.95 


MBS 876 


1 2.95 


MBS 377 


12.95 


1691 


6.95 


.2143 


6.95 



.s:- im KH-- 

1.0 MH j 

1,8432 

2.0 

2 097152 

2.4576 

3.2768 

3.579545 

4.0 

4.032 

5.0 

5.0688 

6.0 

6.144 

6 5536 

SO 
10 

10.738635 
12.0 

14 31813 

15 
16.0 
17.430 
18.0 
18.432 
20.0 
22-1184 
24.0 



.95 
2.95 
2.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.85 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 
1.95 



CRYSTAL 
OSCILLATORS 



BIT RATE 
8ENERAT0RS 



UARTS 




AYS-1013 


3.95 


AY31015 


4.95 


TR1602 


3.95 


2651 


4.95 


IM6402 


6.95 


I M 6403 


9.95 


IN 58250 


6.96 J 



1.0MH. 
1.8432 
2.0 

2.4576 
2.5 
4.0 

5-0639 
6-0 
6.144 
8.0 
10.0 
12.0 
12.480 
15.0 
16.0 
18.432 
20.0 
,24.0 



S.95 
5.95 
5.95 
6.95 
4,95 
4.95 
4.95 
4.95 
4.95 
4.95 
4.95 
4,95 
4.95 
4.95 
4.95 
4.95 
4.95 
4.96 , 



SOUND CHIPS] 


76477 


3.95 


76439 


8.95 


551-263 


39.95 


AY3-8910 


12.95 


AY3-B912 


12.95 


SP10DO 


39.00 J 



MISC 




TMS99531 


9.95 


TMS99532 


19.95 


ULN2003 


.79 


3242 


7.95 


3341 


4.35 


MC3470 


1.35 


MC3430 


8.95 


MC3487 


2.35 


11C90 


13.95 


2513-001 UP 


6.95 


AY5-2376 


11.95 


AY5-3500 PRO 11 .35 J 



CLOCK 
CIRCUITS 

MM 5 369 1.95 

MM 5 369 EST 1.95 
MM 58 167 12,95 
MM5B174 11,95 
k MSM5S32 2.95, 



VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 





74LS00 




HIGH SPEED CMOS 




74LS0Q 


.16 


74LS165 


.65 


A nAw family dI high apead CMOS logic featuring 


74L501 


.18 


74LS166 


.95 


liie spfrad of low power Schortky (8ns typk^l gate 


74LS02 


.17 


74LS169 


.35 


propagation delay} combined with the advantages of 


74L503 


.18 


74LS173 


.49 


CMOS: very low 


power consumption, superior noise 


ML 504 


.16 


74 LSI 74 


.39 


immunity, and improved output dnve. 




74LS05 
74LS0B 


.18 
.18 


74 LSI 75 
74 LSI 91 


.39 
49 




74HC0O 




74LS09 


.18 


7-1 LSI 92 


.69 


74HC; Operate 


al CMOS logic levels and are ideal 


74LS10 


.16 


74LS193 


.69 


lor new. all CMOS designs 




74LS11 


.22 


74 LSI 94 


.69 


74HC00 


.59 74HC148 


1,19 


74LS12 


.22 


74LS195 


69 


74HC02 


.58 74HC151 


.89 


7-1 LSI 3 


.26 


74 LSI 96 


59 


74HC04 


.59 74HC154 


2.49 


74L514 


-39 


74LS197 


.59 


74HC08 


.59 74HC157 


.89 


74LS15 


.26 


74LS221 


.59 


74HC10 


.59 74HC158 


-95 


74LS20 


.17 


74LS240 


i» 


74HC14 


.79 74HC163 


1.15 


74LS21 


.22 


74LSZ41 


69 


74HC20 


-59 74HC175 


.99 


74LS22 


.22 


74LS242 


.69 


74HC27 


-59 74HC240 


1.89 


74LS27 


.23 


74LS243 


.69 


74HC30 


.59 74HC244 


1.89 


74L5Z8 


26 


74LS244 


.69 


74HC32 


.63 74HC245 


1.89 


74LS30 


.17 


74LS245 


.79 


74HC51 


-59 74HC257 


.85 


74LS32 


.18 


74LS251 


.49 


74HC74 


.75 74HC259 


1.39 


74LS33 


.28 


74LS253 


.49 


74HC85 


135 74MC273 


1.89 


74LS37 


-26 


74LS256 


1.79 


74HCSG 


.59 74HC299 


4.99 


74L538 


.26 


74LS257 


39 


74HC93 


1.19 74HC368 


.99 


74L542 


-39 


74LS25S 


.49 


74HC107 


.79 74HC373 


2.29 


74LS47 


.59 


74LS259 


1.29 


74HC109 


.79 74HC374 


239 


74LS48 


.69 


74LS260 


an 


74HC1 1 2 


.79 74HC390 


1-39 


MLSyl 


.17 


74LS266 


.39 


74KC1Z5 


1.19 74HC393 


1.39 


74LS73 


.29 


74L5Z73 


.79 


74KC1 32 


1.19 74HC4017 


1.99 


74LS74 


.24 


74LS279 


39 


74HC133 


.69 74HC4020 


1.39 


74LS75 


.29 


74LS280 


1.98 


74MC138 


.99 74HC4049 


.89 


74LS7S 


.29 


74LS283 


.59 


74HC139 


.99 74HC4050 


.89 


74LS83 


.49 


74LS290 


.39 








74LS85 
74LS8S 


.49 
.22 


74LS293 
74LS299 


39 
1.49 




74HCT00 




74LS90 


.39 


74LS322 


3.95 


74KCT: Direci, drop- in taplacements for LS TTL 


74LS92 


.49 


74LS323 


2 49 


and tail be intermixed with 74LS in the same circuit. 


74LS93 


.39 


74LS364 


1 95 


74HCTOO 


.69 74HCT166 


3.05 


T4LS95 


.49 


74LS365 


39 


74HCT02 


.69 74KCT174 


1-09 


74 LSI 07 


.34 


74LS367 


.39 


74MCT04 


.69 74KCT193 


1.39 


,'.--!. SlU'. 


.36 


74LS368 


.39 


74HCT08 


.69 74KCT194 


1.19 


74LS112 


39 


74LS373 


.79 


74HCT10 


.69 74HCT240 


2.19 


74LS122 


.45 


74LS374 


.79 


7-'.HCtll 


.69 74HCT241 


2.19 


74 LSI 23 


.49 


74LS375 


.95 


74HCT27 


.69 74HCT244 


2.19 


74 LSI 24 


2 75 


74LS377 


79 


74HCT30 


.69 74HCT245 


2.19 


74LS125 


.39 


74LS37B 


1 18 


74MCT32 


,79 74HCT2S7 


.99 


74LS126 


.39 


74 L 5 390 


119 


74HCT74 


86 74HCT259 


1.59 


74LS132 


.39 


74LS393 


79 


74HCT75 


.95 74HCT273 


2.09 


74LS133 


.49 


74LS541 


1.49 


74HCT1 38 


1-16 74HCT367 


1.09 


74LS136 


.39 


74LS624 


1 95 


74MCT139 


1.15 74HCT373 


2.49 


74 LSI 33 


.39 


74LS640 


.99 


74HCT154 


2.99 74HCT374 


2.49 


74 LSI 39 


.39 


74LS645 


.39 


74HCT157 


.99 74KCT393 


1-59 


74LS14S 


.99 


74LS565 


1.29 


74HCT15B 


.99 74MCT4017 


2.19 


74LS147 


.99 


74LS670 


89 


74HCT161 


1.29 74HCT4O40 


1.69 


74LS14S 


.99 


74LS682 


3.20 


74HCT164 


1.39 74HCT4O60 


1 49 


74LS151 
74LS153 
74LS154 
74LS155 


.39 

.39 

1.49 

.59 


74L5683 
74LS684 


3.20 
3.20 I 














/4L5U88 ^.4tr ■ 
74LS783 22.95 I 




74F0D 




74LS156 


.49 


61LS35 


1.49 ■ 






74LS157 


-35 


81I.S98 


1.49 1 


74F00 .69 


74F74 .79 74F251 1.69 


74LS153 


.29 


S1LS97 


1-49 1 


74F02 .69 


74F86 .99 74F253 1.69 


74LS160 


.29 


8HS9B 


1-49 1 


74F04 .79 


74F13S 1.69 74F257 1.69 


74LS161 


.39 


25LS2521 2.80 I 


74F08 .69 


74F139 1 69 74F280 1.79 


74LS162 


.49 


25LS25S9 2.80 ■ 


74F10 .69 


74F1 57 1 69 74F283 3.95 


74LS163 


.39 


26LS31 


195 ■ 


74F32 .69 


74F240 3-29 74F373 4.29 


I74LS164 


.49 


26LS32 


1.95 ■ 


L 74F64 .89 


74F244 3.29 74F374 4.29 



JDR Microdevices 

1224 S. Bascom Avenue, San Jose, CA 95128 

800-538-5000 • 800-662-6279 (CA) • (408) 995-5430 

FAX (408) 275-8415 • Telex 171-110 



HOURS: M-W-F, 9-5 TU-TH, 3-9 SAT, 10- 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERM 

TERMS; Minimum order $10 00 For shipping and tundl-rvj Include 52-59 lor UP 
groun d and a3-50 for UPS Air Orders over 1 lb. and lotwon onttfi may requtr 
addibonal shipping charges - please contact our sales deportment for Ihe amount Ct 
residents mutt Include appUcuMe sales las- An merchandise it warranlrt lor 90 a«) 
unlesi onerwrie ilaled. prices are subjecl lo change without notice We an n 
responubfe lur typographical errors. We reserve the riflhl 10 rlmil quanlllies and 
subslitule nrunulacturer. AH merchandJse tubfecl to pnor saki. 
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O COPYRIGHT 1985 JDH MICRODEVICES. INC. 
THE JOR MICRODEVICES LOGO IS A HEGI5TEHEO TRADEMARK OF JOB MICBOCEVICES. JDH INSTRUMENTS AND JDR MICFIODEVTCES ARE TRADEMARKS OF JDR MICRODEVICES 
IBM IS A THADEMAHK OF INTERNATIONAL BUSINESS MACHINES APPLE IS A TRADEMARK OF APPLE C0MPUTEH 



CIRCLE 281 ON FREE INFORMATION CARD 



PARTIAL LISTING ONLY — CALL FOR A FREE CATALOG 





CMOS 






7400/9000 




4001 


.19 


14419 


4.95 


7400 


.19 


74147 


Z.4B 


4011 


.19 


14433 


14.95 


7402 


.19 


74148 


1.20 


4012 


.25 


4503 


.49 


7404 


.19 


74150 


1.35 


4013 


.35 


4511 


.69 


7406 


.29 


74151 


.55 


4015 


23 


4516 


.79 


7407 


3» 


74153 


55 


4016 


-29 


4518 


85 


7403 


.24 


74154 


1.49 


4017 


.49 


4522 


.79 


7410 


.19 


74155 


.75 


4010 


.69 


4526 


.79 


7411 


.25 


74157 


.55 


4020 


.59 


4927 


1.95 


7414 


.49 


74159 


1.65 


4021 


.69 


4S28 


.79 


7416 


.25 


74161 


.69 


4024 


.49 


4529 


2.95 


7417 


.25 


74163 


.69 


402 S 


.25 


4532 


1.95 


7420 


.19 


74164 


.85 


4027 


.39 


4538 


.95 


7423 


.29 


74165 


-35 


402S 


.65 


4541 


1.29 


7430 


.19 


74166 


1.00 


4035 


.69 


4553 


5.79 


7432 


.29 


74175 


-59 


4040 


-69 


4585 


.75 


7438 


.29 


74177 


.75 


4041 


.75 


4702 


12.95 


7442 


.49 


74176 


1.15 


4042 


.59 


74C0Q 


.29 


7445 


.69 


74181 


2.25 


4043 


.85 


74C14 


59 


7447 


.99 


741S2 


.75 


4044 


.69 


74C74 


.59 


7470 


.35 


74184 


2.00 


4045 


1.98 


74C83 


1.95 


7473 


34 


74191 


1.15 


404 6 


.69 


74C85 


1.49 


7474 


.33 


74192 


.79 


4047 


.69 


74C95 


.99 


7475 


.45 


74194 


.85 


4049 


.29 


74C150 


5.75 


7476 


.35 


74196 


.79 


4050 


.29 


74C151 


2.25 


7483 


.50 


74197 


.75 


4051 


.69 


74C161 


.99 


7495 


.59 


74199 


1.35 


4052 


.63 


74C163 


.99 


7466 


.35 


74221 


1.35 


4053 


.69 


74C164 


1.39 


7499 


2.15 


74246 


1.35 


4055 


2.19 


74C192 


1.49 


7490 


.39 


74247 


1.25 


4060 


.69 


74C193 


1.49 


7492 


.50 


74 248 


1.95 


4056 


.29 


74C221 


1 75 


7493 


.35 


74249 


1.95 


40E9 


.19 


74C240 


1.69 


7495 


.55 


74251 


.75 


407E 


.99 


74C244 


1.69 


7497 


2.75 


74265 


1.36 


4077 


.29 


74C374 


1.99 


74100 


2.29 


74273 


1.95 


40S1 


.22 


74C905 1035 


74121 


.29 


74278 


3-11 


4085 


.79 


74C91 1 


8 95 


74123 


.49 


74357 


.65 


40S6 


.89 


74C917 


8 95 


74125 


.45 


74368 


.65 


I 4093 


.49 


74C922 


4.49 


74141 


.65 


9368 


3.95 


I 4094 


2.49 


74C92? 


4.95 


74143 


5.95 


9G02 


1.50 


I 14411 


9.95 


74C926 


7.95 


74144 


2.95 


9637 


2.95 


114412 


6.95 


B0C97 


.95 


74145 


.60 


96S02 


1.95 J 





74SO0 




74500 


3» 


74S163 


1.29 


74302 


.29 


745168 


3,95 


74503 


.29 


74S174 


.79 


74S04 


.29 


74S175 


.79 


74S0S 


.29 


745188 


1.95 


74S08 


.35 


745189 


1.95 


74S10 


.29 


745195 


1.49 


7451 S 


.35 


7451 95 


1,49 


74530 


.29 


7451 97 


1.49 


74S32 


.35 


745226 


3.99 


74S37 


.69 


74 9240 


1.49 


| 74S38 


-69 


749241 


1.49 


74S74 


.49 


745244 


1.49 


74 585 


.95 


74S257 


.79 


74SS6 


.35 


74S253 


.79 


74S112 


.50 


74S258 


.95 


745124 


2.75 


74S280 


1.95 


745138 


.79 


74S287 


1.69 


745140 


.55 


745288 


1.69 


74S1S1 


.79 


74S299 


2.95 


74S153 


.79 


745373 


1.69 


74S157 


.79 


745374 


1.69 


74S15S 


.95 


745471 


4.95 


L 74S161 


1.29 


74SS71 


2.95 



DATA ACQ 


INTERFACE] 


ADC0800 15.55 


8T26 


1.29 


ADC0B04 3.49 


8T28 


1.29 


ADC0S09 4.49 


8T95 


.89 


ADC0816 14.95 


8T9S 


.89 


ADC0817 9.95 


8T97 


.59 


AD COS 31 8.95 


8T98 


.89 


D AC 0800 4.49 


DM8131 


2.95 


D AC 0806 1.95 


DP8304 


2.29 


D AC 0608 2.95 


DS8833 


2.25 


DAC1020 9.25 


OS 9835 


1.99 


DAC1022 5.95 


DS8836 


.99 


1 MC140SLS 2.95 


D5B837 


1.65 J 



EDGECARD CONNECTORS 



100 


PIN ST 


5-100 


.125 


3.95 


inn 


PIN WW 


S-100 


.125 


4.95 


62 


PIN ST 


IV.NI PC 


.100 


1.95 


50 


PIN ST 


APPLE 


.100 


2.95 


44 


PIN ST 


STD 


.156 


1.95 


.14 


PIN WW 


STD 


.1EB 


4.95 



36 PIN CENTRONICS 

Mil 

I I0CEN36 RIBBON CABLE 

1 CEN36 SOLDER CUP 

1 CEN36PC FIT ANGLE PC MOUNT 

rami 

llDCEN36'F RIBBO N CABLE 


6.95 
4.95 
4.95 

7.95 



INTERSIL 



101,7106 


9.95 


(CL7107 


12.95 


1CL76G0 


2.95 


ICLE03S 


4,95 


tCM7Z07A 


5.95 


ICM720S 


15.95 



VOLTAGE 
REGULATORS 

TO -220 CASE 

7805T .49 790 5T .59 

7808T 49 790BT .59 

7S12T 49 791 2T .59 

78 1ST 49 791 5T .59 

TO-3 CASE 
7S05K 1.39 7905K 1.49 
7812K 1.39 791 2K 1.49 

TO- 9 2 CASE 
78 LOS 49 79L05 .69 
78 LI 2 .49 79L12 .69 

OTHER VOLTAGE REGS 

LM323K5V 3A TO-3 4.79 
LM333KA4 5A Ui ": 3.95 
78H05KSV 5A T03 7.95 
78H12K12V5A TO 3 6,95 
. 78P05K 5V 10A TO-3 14.95 , 



IC SOCKETS 




199 


100 


8 PIN ST ,11 


.10 


14 PIN ST .11 


.09 


16 PIN ST -12 


.10 


IS FIN ST .15 


13 


20 PIN ST .18 


.15 


22 PIN 5T -IE 


.12 


24 PIN ST .20 


.15 


28 PIN ST .22 


IE 


40 PIN ST .30 


.22 


64 PIN ST 1.95 


1.49 


ST=SOLDERTAIL 




8 PIN WW .59 


.49 


14 PIN WW .E9 


.52 


IB PIN WW .69 


.58 


18 PIN WW .99 


.90 


20 PIN WW 1.09 


.98 


22 PIN WW 1.39 


1.26 


24 PIN WW 1.49 


1.35 


26 PIN WW 1.69 


1.49 


40 PIN WW 1.99 


1.80 


WW=W1BEWRAP 




16 PIN ZIF 495 


CALL 


24 PIN ZIF 5.95 


CALL 


28 PIN ZIF 6.95 


CALL 


40 PIN ZIF 9.95 


CALL 


ZIFrTEXTOOL 




l IZEKO INSERTION FORCE] 





LINEAR 




TL06G 


.99 


LM733 


9S 


TL071 


.69 


LM741 


,29 


T1072 


1.09 


LM747 


-69 


T1074 


1.95 


LM748 


.59 


1X081 


.59 


MCI 330 


1.69 


TL0B2 


.99 


MC13S0 


1.19 


TL084 


1.49 


MC1372 


E.9S 


LM301 


.34 


LM1414 


1,59 


LM309K 


1.25 


LM145S 


.49 


LM311 


.59 


LM1488 


.49 


LM311H 


.89 


LM1469 


.49 


LM317K 


3.49 


LM1496 


.35 


LM317T 


.95 


LM1B12 


B.25 


LM316 


1.49 


LM1869 


1.95 


LM319 


1.25 


LILN2003 


.79 


LM320 ««7900 


XHZ2M 


3.75 


LM322 


1.65 


XR2211 


2.95 


LM323K 


4.79 


XF1224t> 


1.95 


LM324 


.49 


MPO2907 


1.9G 


LM331 


3.95 


LNI2917 


1.95 


LM334 


1.19 


CA3046 


.89 


LM335 


1.40 


CA30B1 


99 


LM336 


1.75 


CA30B2 


.99 


1U337K 


3.95 


CA3036 


.80 


IM.338K 


3.95 


CAS 069 


1.95 


LM339 


.59 


CA3130E 


.99 


LM340 s«7800 


CA3146 


1,29 


LM350T 


4.60 


CA3160 


1,19 


1*353 


.59 


MC3470 


1.95 


LF356 


.99 


MC34B0 


835 


LF357 


.99 


MC34B7 


2.95 


LM35B 


.59 


LM390O 


.49 


LM3B0 


.89 


LM3909 


98 


LM3S3 


1.95 


LM3911 


2.25 


LM3S6 


.89 


LM3914 


2.39 


LM393 


.45 


MC4024 


3.49 


LM394H 


4.60 


MC4044 


3.99 


TL494 


4.20 


RC4136 


1.25 


TL497 


3.25 


RC4558 


.69 


NE555 


.29 


LM 13600 


1.49 


NE556 


.49 


75107 


1.49 


NESS8 


1.29 


75110 


195 


NE5E4 


1.95 


7S1S0 


195 


LM5E5 


.95 


7515-1 


1.95 


LM566 


1 49 


751B8 


1.25 


LM567 


-79 


75189 


1.25 


NE570 


2.95 


75451 


.39 


NE590 


2.50 


75452 


.39 


NE592 


.99 


75453 


.39 


LM710 


.75 


75477 


1.29 


LM723 


.49 


75492 


-79 


lllOi CAN. K 


TO-3, T=TO-220 J 





DIPCC 


INNECTORS 
















CONTACTS 






8 


14 


IS 


18 


20 { 22 


2* 


28 


40 


HIGH RELIABILITY TOOLED 
STIC SOCKETS 


AUGATmST 


.62 


111 


.89 


1.09 


1.29 


1.39 


1.49 


1.69 


2.49 


HIGH RELIABILITY TOOLED 
WW IC SOCKETS 


AUGATukWW 


1.30 


1.80 


2.10 


2.40 


2.50 


2.90 


3.15 


3.70 


5-40 


COMPONENT CARRIES 

(DIP HEADERS) 


ICCxx 


.49 


59 


.69 


.99 


.99 


.99 


.99 


1.09 


1.49 


RIBBON CABLE 
DIP PLUGS IIDCI 


IDPxx 




.95 


.95 


- 


- 


- 


1.75 


- 


2.95 




FOR OBDf RING INSTRUCTIONS SEE D-SUBM1NIA TUBE BELOW 



TTTTTTTTTT 

AUGAT 24ST 





D-S 


UBMIHIATURE 










DESCRIPTION 


ORDER BY 


CONTACTS 


9 


15 


19 


25 


37 


SO 


SOLDER CUP 


MALE 


DBxxP 


.82 


.90 


1.25 


1.25 


1.B0 


3.48 


FEMALE 


DBxxS 


,95 


1.15 


1.60 


1.50 


2.35 


4.32 


RIGHT ANGLE 
PC SOLD EH 


MALE 


DBxxPR 


1.20 


1.49 


— 


1.95 


2 65 


— 


FEMALE 


DS«xSF1 


1.25 


1.55 




2.00 


2.79 




WIRE WRAP 


MALE 


DBxxPWW 


1.69 


Z.5G 


— 


3.39 


5.60 


— 


FEMALE 


DBxxSWW 


2.7E 


4.27 




6.84 


9.65 




IDC 
RIBBON CABLE 


MALE 


IDBxxP 


2.70 


2.95 


— 


3. SB 


5.70 


... 


FEMALE 


IDO.xS 


2.92 


3.26 




4.33 


6.76 




HOOD$ 


MeTAL 


MHOODxx 


1.25 


1.25 


1.30 


1.30 


— 


— 


GREY 


HOOO>« 


.65 


.65 




.65 


.75 


.95 




* . - . _ — 



fa 



tfia 



ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION 

MARKED "re" OF THE 'ORDER BY" PART NUMBER LISTED 

EXAMPLE: A IS PIN RIGHT ANGLE MALE PC SOLDER WOULD BE D8I5PR 



MOUHTIHB HARDWARE $1 .00 




IDC CONNECTORS 



DESCRIPTION 


ORDER BY 


CONTACTS 


10 


20 


26 


34 


40 


50 


SOLDER HEADER 


IDHxxS 


.82 


1.29 


1.68 


2.20 


2.58 


3,24 


BIGHT ANGLE SOLDER HEADER 


IDHxxSR 


.85 


1 35 


1.76 


2.31 


2.72 


3 39 


WW HEADER 


IDHxxW 


1.S6 


2.98 


3.34 


4.50 


5 23 


5.63 


RIGHT ANGLE WW HEAOER 


IDHxAVR 


2.05 


3.26 


4.22 


4.45 


4.80 


7.30 
2.25 


RIBBON HEADER SOCKET 


IDSxx 


.79 


.99 


1 39 


1.59 


1.99 


RIBBON HEADER 


IDMxx 




5.50 


6.25 


7.00 


7.50 


8.50 


RIBBON EDGE CARD 


IDExx 


1.75 


2.25 


2.G5 


2.75 


3.80 


395 




aagggiii 

IDS34 




FOR ORDERING INSTRUCTIONS SEE D-SUBMINIA TURE ABO^E 



HARD TO FIND 
"SNAPABLE" HEADERS 

CAN BE SNAPPED APART TO 
MAKE ANY SIZE HEADER, 
ALL WITH .1" CENTERS 
1x40 STRAIGHT LEAD .99 

1x40 RIGHT ANGLE 1.49 

2x40 STRAIGHT LEAD 2.49 
2x40 RIGHT ANGLE 2.99 



SHORTINB 
BLOCKS 

GOLD 

CONTACTS 

SPACED 

AT.1" 

CENTERS 

5/S1.00 



Let me tell you how much I appreciate your 
Sales &. Customer Service staffs. My recent 
order was f i lied in a meat courteous &p romp t 
manner i I will deal with you in the future to 
the exclusion of other similar firms who 
obviously don't need customers bothering 
them. Thank you, 

J.K- 

Chapel Hill , NC . 



CALL FOR VOLUME QUOTES 



DIDDES/OPTO/TRAKSISTORS 



1N751 


.25 


4N26 


69 


IN 759 


-26 


4N27 


,B9 


1N414S 


25/' 1.00 


4N28 


.69 


1N4004 


10/1.00 


4N33 


3S 


1N5402 


J2S 


4N37 


1.19 


KBP04 


.55 


MCT-2 


.59 


KBU3A 


.95 


MCT-6 


1.29 


MDA990-2 


.35 


TIL-111 


.99 


N2222 


.25 


2N390E 


.10 


PN2222 


-10 


2N4401 


.25 


2 N 2905 


-50 


2N4402 


7K 


2N2907 


.25 


2N44D3 


.2S 


2N3055 


,79 


2NC0/I5 


1.75 


2N3904 


.10 


TIP31 


.49 



LED DISPLAYS 






FND< 357(359} 


COM CATHODE 


.362" 


1.25 


FN D-50OJ5Q3] 


COM CATHODE 


5" 


1.49 


FND-507,5.01 


COM CATHODE 


.5" 


1.49 


MAN 72 


COM ANOOE 


.3" 


.99 


MAN -74 


COM CATHODE 


.3" 


.99 


MAN -8940 


COM CATHODE 


.8" 


1.99 


TIL-313 


COM CATHODE 


3" 


.45 


HP50BZ-77G0 


COM CATHODE 


.43" 


1 29 


TIL-311 4x7 HEXW/tOGIC 


.270" 


9.95 


HP 5082-7340 4x7 HEX W LOGIC 


-290" 


7.95 


DIFFUSED LEDS i« 


100-UP 


JUMBO RED 


Till .10 




,09 


JUMBO GREEN 


T1>,4 .14 




.12 


JUMBO YELLOW 


T1W .14 




.12 


MOUNTING HDV1 


T114 .10 




.09 


MINI RED 


T1 .10 




.09 J 



SWITCHES 

SPST MINI-TOGGLE ON-ON 

OPDT MINI-TOGGLE ON-ON 

DPDT MINI-TOGGLE ON OFF DN 

SPST MINI- PUSH BUTTON N.O. 

SPST MINI- PUSHBUTTON NC. 

SPST TOGGLE ON-OFF 
BCD OUTPUT 1 POSITION 6 PIN DIP 



DIP SWITCHES 



4 POSITION 85 7 POSITION 

5 POSITION .90 B POSITION 
, 6 POSITION .90 10 POSITION 1.29 



RIBBON CAB 


LE 




CONTACTS 


5INGLE COLOR 


COLOR CODED 




1' 


10' 


1- 


10' 




10 


.16 


1.60 


.30 


2,75 




16 


.28 


2.50 


.48 


4.40 




20 


.36 


3 20 


.60 


5.50 




25 


.45 


4,00 


.75 


6.85 




2B 


.46 


4.10 


.78 


7.15 




34 


.61 


5X0 


1.07 


9.35 




40 


.72 


6.40 


1.20 


11.00 




SO 


.89 


7.50 


1.50 


13.25 





£ COPYRIGHT 1965 JDR MIC RODE VICES 
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CIRCLE 113 ON FREE INFORMATION CARD 
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order toll free 800-538-5000 800-662-6279 <ca> 



BARGAIN HUNTERS CORNER 
DISK DRIVE SPECIALS 



TEAC FD-54 

*A HEIGHT, IBM 



QUME QT- 

'A HEIGHT. IB 



SHUGAI 

VS HEIGHT 




TS-806 CABINET £T»WER 

ONE TEAC FD-56B AND ROOM 
HEIGHT HARDDISK. A CLOSE "" 
MAJOR MANUFACTURER 

PERFECT FOR THE HOBBYigTl 



5VVJ3S/DD S85 M 

EOlRECT DRIVE 

5'A ; *t*?DD $69 95 
BEt*DRIVE 



D $99 95 

BLE 

PLY $99 M 

A FULL OR Vi 

ECIALFROMA 

SAY WHO), 




HURRY — QUANTITIES ARE LIMITED! 
SPECIALS END 2/28/86 



PABE WIRE WRAP WIRE 

PRECUT ASSORTMENT 

I1M ASSORTED COLORS S27.50 

lOOoa: 5.5". 6.0". 6.5", 7,0" 

2S0ea: 2.5". 4.5", 5.0" 

500oa: 3.0". 3. 5", 4.0" 



IOC loot 34.30 
SOEKool 513.25 



250 fool S7.2S 
1 00 fool S2 1.95 



Please specify color: 
Blue. Black. Yellow or Red 



EMI FILTER $4 

- MANUFACTURED -^|^^^fc>_ 

BYCORCOIYI t'^<> 'V 

• LOW COST -*S 

• FITS LC-HP BELOW V*^jf \\ ' 

• 6 AMP 1 20 ..'240 VOLT -.Jf • 

6 FOOT LINE CORDS 

LC-2 2 CONDUCTOR -39 

LC-3 2 CONDUCTOR ,99 
LC-HP 3 CONDUCTOR W/STD 

FEMALE SOCKET 1.49 

MUFFIN FANS 



WIRE WRAP PROTOTYPE CARDS 

FR 4 EPOXY GLASS LAMINATE 
WITH GOLD-PLATED EDGE-CARD FINGERS 




IBM-PH2 ._„. 

IBM 

BOTH CARDS HAVE SILK SCREENED LEGENDS 

AND INCLUDES MOUNTING BRACKET 

IBM-PHI WITH -SV AND GROUND PLANE .... $27.35 

IBM -PR 2 AS ABOVE WITH DECODING LAYOUT $29.35 

S-100 

P1O0-I BARE- NO FOIL PADS $16.15 

P100-2 HOHIZONTAt BUS $21.80 

PI 00-3 VERTICAL BUS $21-80 

PI 00-4 SINGLE FOIL PADS PER HOLE $22-75 

APPLE 

P5Q0-1 BARE -NO FOIL PADS 315.15 

P5Q0-3 HORIZONTAL BUS 322.75 

P50O-4 SINGLE FOIL PADS PER HOLE 321. 80 

,7060-45 FOR APPLE lloAUX SLOT 330,00 



f SOCKET-WRAP I.D. 1 " 










' '?$ 




_ *' 




1 ■ SLIPS OVER WIRE WRAP PINS 


•S3 




N« 




■ IDENTIFIES PIN NUMBERS ON WRAP 


|H 








SIDE OF BOARD 


^ J 




-r » 




j • CAN WRITE ON PLASTIC: SUCH ASICS 








PINS PART* PCX. OF PRICE 


• H 








3 IDWRAPOS 10 1.95 










14 IDWRAP14 10 1.35 


• ~ 




IS,* 




16 IDWRAP 16 10 1.95 






--,9 




1S IDWRAP 18 5 1.35 




n 






20 IDWRAP 20 5 1.35 


3 


■ _ 






22 IDWRAP22 5 1.35 




B-l 






24 IDWRAP24 5 1.35 








28 IDWRAP 28 5 1.35 


•a 














PLEASE ORDER BY NUMBER OF ID W»AP M 1 


PACKAGES jPCK. OF) 











FRAME STYLE 
TRANSFORMERS 

2 AMP 5.95 

4 AMP 7.95 

8 AMP 10.95 
2 AMP 7.95 , 



SWITCHING POWER SUPPLIES 





CAPACITORS 








TANTALUM 






1.0^ 


15V 


.35 


-47yf 


35V 


.45 


. 6.8 


15V 


.70 


1.0 


35V 


.45 


10 


15V 


.SO 


2.2 


35V 


65 


I z2 


15V 


1.35 


4.7 


35V 


85 


J2 


35V 


.40 


10 


35V 


1.00 






DISC 






lOpI 


50V 


.05 


580 


SOV 


.05 


22 


50V 


.05 


.00 v 


SOV 


.05 


27 


50V 


.05 


.0022 


SOV 


.05 


33 


SOV 


.05 


.005 


50V 


.05 


*7 


30V 


.05 


.01 


50V 


.07 


SB 


50V 


.05 


.02 


SOV 


.07 


100 


SOV 


.05 


,05 


SOV 


.07 


220 


SOV 


.05 


.1 


12V 


.10 


550 


50V 


.05 


.1 


SOV 


12 




MONOLITHIC 






■OV 


50V 


.14 


■If* 


SOV 


.18 


,047tff 


SOV 


.15 


-47i« 


SOV 


.25 




ELECTROLYTIC 




RADIAL 




AXIAL 




V 


25V 


.14 


1lA 


SOV 


.14 


2.2 


35V 


.IS 


10 


50V 


.15 


4.7 


50V 


.IS 


22 


16V 


.14 


10 


50V 


.15 


47 


SOV 


.20 


47 


35V 


IS 


100 


35V 


.25 


100 


16V 


.18 


220 


25V 


.30 


220 


35V 


.20 


470 


SOV 


.50 


470 


2SV 


.30 


1000 


16V 


.60 


2200 


16V 


.70 


2200 


16V 


.70 


4700 


2SV 


1.45 


4700 


16V 


1.25 | 


I COMPUTER GRADE 


44,000oi 


30V 


3.9S I 



[25PIND-SUB^ 

GENDER 
CHANGERS 

$7.95 « 



BATARASE EPROM ERASER $34.95 

• ERASES TWO EPROMS IN 10 MINUTES 

• COMPACT NO DRAWER 
■ THIN METAL SHUTTER 

PREVENTS UV LIGHT 
FROM ESCAPING 



1/4 WATT RESISTORS 

5% CARBON FILM ALL STANDARD VALUES 

FROM 1 OHM TO 10 MEG. OHM 

10 PCS larovafcje .05 1 00 PCS tamo vAw .02 

,50 PCS sotcviIuc .025 1 000 PCS S*™ nU .01 5 , 



RESISTOR NETWORKS 



10 PIN 

8 PIN 

16 PIN 

16 PIN 

14 PIN 
14 PIN 



9 RESISTOR 

7 RESISTOR 

8 RESISTOR 
15 RESISTOR 

7 RESISTOR 
13 RESISTOR 



.69 
.59 
1.09 
1,09 
.99 
.99 



SPECIALS ON BYPASS CAPACITORS 

.01 /A CEHAMIC DISC 100/S5.00 

.01 iA MONOLITHIC 100/$1u.0u 

.1 </f CERAMIC DISC 100/S6.50 

.1 //f MONOLITHIC 100/S12.50 J 



> FOR IBM PC-XT COMPATIBLE 
• 1 30 WATTS 

■ -5VP15A. -1ZV@4-2A PS-IBM 
-5V<E,5A,-12V(5].SA 

■ ONE YEAR WARRANTY 



■ 130 WATTS 

■ SWITCH ON REAR 

i FOR USE IN OTHER IBM 

TYPE MACHINES 
• 30 DAY WARRANTY 



. USE TO POWER APPLE TYPE 

SVSTEMS 
I -5V @> 4A, * 1 2V © 2.5A 

■5V<EB.5A, .12V(S>.SA 
i APPLE POWER CONNECTOR 



FS-SPL200 



$49.95 psa 



. .5VP25A. -12V (S 3.5A 

-SVplA. -12V @ 1A 
l UL APPROVED 
' ALUMINUM ENCLOSURE 



* -5V@4A. 12V . 2A 
-12V @> 2.8 A. -12V to .30A 

• 6.2" ■ 7.4" 1 1.7", 1.6 LBS 



■ MANUFACTURED BY ASTEC 
, -5VIS6A. -12V P2A 

-1ZV@I1.5A. -12V @2A. 
* 5.0" x 3.0" x 2.0". 1.6 LBS. 

NEW BOOKS BY 

STEVE CIARCIA 

BIULQ YOUR OWN 

ZSO COMPUTER S' 

CIRCUIT CELLAR VOL 1 S 

CIRCUIT CELLAR VOL 2 S 

CIRCUIT CELLAR VOL 3 5 

I CIRCUIT CELLAR VOL 4 S 




MICROCOMPUTER 
HARDWARE HANDBOOK 

FROM ELCOMP $14.95 

OVER SOU PAGES OF DATA SHEETS 
ON THE MOST COMMONLY USED 
IC»- INCLUDES TTU CMOS, 74LSO0, 
MEMQftY. CPUs. MPU SUPPORT. 
.AND MUCH MORE! 



DIMENSIONS 



DISTRIBUTION 

siniPisj 



1 BREADBOARDS 




LITHIUM BATTERY 

AS LJSL U IN CLOCK CIRCUITS 

If 

3 VOLT BATTERV I 

. BATTERY HOLDER i 



IC MASTER 




, THE INDUSTRY STRHDRRI 



CO 

o 

z 
O 

■DC 

F 

o 

UJ 

_i 

UJ 

6 
o 
< 

lT 
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VISIT OUR RETAIL STORE LOCATED AT 1256 SOUTH BASCOM AVENUE IN SAN JOSE 



_ JDR Microdevices 

■ 1224 S. Bascom Avenue, San Jose, CA 95128 
800-538-5000 • 800-662-6279 (CA) • (408) 995-5430 
FAX (408) 275-8415 • Telex 171-110 



HOURS: M-W-F, 9-5 TU-TH, 9-9 SAT, 1 

PLEASE USE YOUR CUSTOMER NUMBER WHEN ORDERI 

TERMS: Minimum order 51 0.00. For shipping and handling Include 5250 lor L 
Ground and 53.50 lor UPS Air. Orders over 1 lb and foreign order* may 
additional shipping charges ■ please contact our sales department tor the amot.. .- 

— iledforsv* 



r.l'tfi^tiiMatt 



chand.i* lubjctl to prkw wee 



< Copyright 19fl5 JDR Microdevices 



<~idi-i c -jch nu cdcc lucnpuiTinM naRn 




DO 
33 
C 
> 

05 
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CIRCLE 263 ON FREE INFORMATION CARD 



NNhat's New at 

AMERICAN DESIGN COMPONENTS? 



"The Source" of the 
electro-mechanical components 
for the hobbyist. 



We warehouse 60,000 
items at American Design 
Components — expensive, often 
hard-to-find components for sale 
at a fraction of their original cost ! 

You'll find every part you 
need — either brand new, or 
removed from equipment (RFE) 
in excellent condition. But 
quantities are limited. Order 
from this ad, or visit our retail 
showroom and find exactly what 
you need from the thousands of 
items on display. 

Open Mon. - Sat.. 9-5 



THERE'S NO RISK. 

VVim „.r l,i|j qo rJHv warranty 

fH pun 'i.i-sf* i an Mr* returner,: ft 

irn ftbivH' *"" lutl « fKiUi or rerun 



19" COLOR 
X-Y DISPLAY 




Originally designed for use in Atari coin- 
operated games. Contains 3-gun color 
tube, locus and brightness controls. Re- 
quires external X-Y inputs, 250-024V 
transformer for power. May be used for 
oscilloscopes, re prog rammed for game 
use, or modified with the use of extern- 
al vertical and horizontal oscillators to a 
rastor scan display or TV monitor for 
computer use. (IBM compatible.! Trans- 
former supplied. 

Item #5449 $129.00 New 



KITS 

ROBOTICS KIT 

(Springs, Beits, Pulleys & Gears) 
Consists of: 

9 Timing Belts [7.5" to 13"! 

2 Rounfl Belts [12" to15"f 
1 5 N vlfin & Plastic 

Spur & Drive Gears 
22 Torsion Springs 

6 Compression Pulleys 
1 9 Tension Springs 

1tem#5306 $14.95 New 



TOY MOTOR KIT - For Robotics 

Consists of: 

1 8 asst. toy motors, from 1 .5V to 1 2VDC. 
Item (7229 $9.95 New 



SWITCH KIT 

35 Ass't. Switches 

Consisting of 35 assorted: Dip, Toggle, 

Slide, end Sensitive Miniature and Standard 

Size Switches 

ham #5307 $9.95 New 



RELAY KIT 

15 Ass't. Relays 

Consisting of 1 5 asst'd. AC & DC Relays, 

5V, 12V, 24V. & 1 1 5V. Alt types 

ltem*530B $9,95 New 



IC SOCKET KIT 

100 Ass't. Sockets 

Consisting of 100 assorted IC sockets. 
From 14 to 40 Pin. 

Hemir5309 $9.95 Now 



5Vi" DISK DRIVE 
V4 HT; 96 T.P.I. 




TandonTM55-4 DSi'Quad 

Item #1904 $79.50 

2 For $150.00 



LINEAR DISK DRIVE 
POWER SUPPLY 




'Wifi' 1 "-.' |lV if'' 

DC Output; -5V @ 200 ma 
+ 5V @ 3 amps 
+ 12V #> 2.9 amps 
+ 18V [inductive! @ 1 amp 
Input: 11SW60HI. 
Ctias&is Dim: 11 "Wx 4"Hx8*D 
Item #6642 $14.95 New 



115 CFM MUFFIN 
FAN 



* 



115 VAC/fiOhtz.. 21W.. 2SA., 
3100 RPM; 5 blade model, alu- 
minum housing. Can be mounted 
for blowing or exhaust. 
Dim.: 4",. , ii, ,T sq. x 1 ft "deep. 

Item *534S $7.95 HFE 
With adjustable 
speed control 5 1 0,95 



COMPUTER 

TAPE DRIVE (For Adam) 




Serial format. Search 80IPS - 
Read,' Write 20IPS. 12V motor. 

5V logic, 8 & 9 pin connector 
cables. Originally designed for 
the Adam. 

Dim: 5"Wx 3H "H x4" deep 
llem*6641 $9.95 New 



SWITCHING 
POWER SUPPLY 




Input: 115;230VAC, 5G/60H2 
Output: 12VDC @ .17 amps 
+ 24VDC© 2.2 amps 
+ 5 VDC <S> 3 amps 
Dim.: 7*i' x BVi" 
Mfr - Astec #AA11101 
Item #5353 $19.95 New 



30 CFM 

MINI 

FANS 




28V AC & 6-12VDC 

Low noise level. Can Pe mounted 
lor cooling or exhaust. 
Dim.: 3',»* sq. x 1 V> " deep 
12VDC - Papst #8312 
Item #701 7 $12.95 New 
2BVAC - IMC Peewee" 

ltem#70ia $7.95 Mew 



ASCII 

75-KEY KEYBOARD 

For Adam — 




21 user-defined keys. 
7 pin connection 
ASCII 3-bit serial output. 
Originally designed for the Adam. 
Dim.: 1 5"W x 2& "H x 6 !4 " D 

Item ¥6643 $19.95 New 



of the 'ADAM' 




Logic board for the Adam com- 
puter. Includes the following 
components: 
8 ea. 4164-4$, 74LS157, 

74LS541, LS273N 
2 ea. LM333s, pigs micro- 
processors with ROMs. 
Mfr — Coleco 
Item 07231 $9.95 RFE 



PRINTER 
MECHANISM 




Originally designed for the 

Gavalin computer, 

■ Centronics interface 
• QO column width 

■ Friction drive Ischematic incl I 

Item #5223 $19.95 New 



75-KEY MECHANICAL 

KEYBOARD - For Adam 




For computer upgrade . , . 
2 1 usei-delined keys. SPST me- 
chanical switches. 2 1 -pin riobon 
cable connection. General instruc- 
tions for replacement of membrane 
keyboards incl. Update computers 
such as the Timex Sinclair 201/1000 
Dim.: 13»'W« !V."HxB"D. 
Item *6643M $9.95 New 



COMPUTER & GAME 
CONTROLLERS 

(Set of 41 
— For Adam 

12-digit keyboard 

and joystick. 

Originally used in 

computer and 

games. Includes 

coil cord with 

9 -pin connector. 

Can also be used with Atai 

Dim.; 6S4-LK 2W"Wx2Vi "H 

Mfr - Colecc * 7 S00 2 

Item #7013 $9.95 New 




PLUG-IN 
POWER SUPPLY 




OUTPUT: +5 VDC, .9A 
-5 VDC, -1A 
+ 12 VDC, ,3A 
INPUT: 120 VAC/60 Hi., ,25A 
Mfr - Coleco #55416 
Item #1882 $6.95 New 



PUMPS COMPRESSORS BLOWERS MOTORS POTENTIOMETERS COUNTERS 
TIMERS RELAYS VOLTAGE REGULATORS POWER SUPPLIES 



160 CFM 

CENTRIFUGAL 

BLOWER 




115VAO60HZ.. 2.2 amps . 
3000 RPM, Flange mount. 
Outlet: 3" X 3"."; 
Inlet: 4% ' dia. 

Dim.:aii-HX6"„-WxS',."D 
Mfr - Fasco 50755 or equiv. 
Ilem#5152 $10.95 RFE 



Rechargeable 

(Sealed) 

GEL-CELL 

BATTERY 

12V@ 1 9AH 



For use with model cars, 
trains, boats, planes, etc. 
Dim.: 7"Lx2V."Hx 1 VD 
Mfr - Power- sonic #PS1218 
Item »7021 $9.95 New 



Rechargeable NIC AD 
BATTERY BACKUPS 
12V .# 

450 ma ^^^ 

Contains 1 AA cells. Recharge 
raie:45ma. 16-18 hours. C ase 
with tab output connections. 
Dim.^Vi.-Hxly.-WxS' 1 ,,"!. 
Mfr - GE 123233 orequiv. 
Item #5443 $5.95 HFE 

13,2V 



ri 



1.65 AH 

Contains 1 1 C cells. For model 
boats, toys, etc. 
Mtr - GE #41B035BB001Q1 
Item 1 5444 $ 1 5 . 9 5 New 



TELEPHONE 




Originally designed to mount on 
TeleVideo computer, and plug into 
modem. May be used as a standard 
phone. Touch-tone, mute button, 
pulse, redial button, with 1 2 " co*d; 
Ivory. Comes with mounting bracket. 
Item #7232 $9 + 95 New 



AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET. MOONACHIE, N.J. 07074 

D My check or money order is enclosed. 
[ . Charge my credit card, 

D Visa EI Master Card D Amex 

Card No. 



YES! Please send me the following items: 

Description Price 



Item 
No. 



How 
Many? 



Total 



COMPONENTS PARTS KIT 
Hundreds of components! 
Consisting of Hear Sinks, Capacitor, Trim 
pots. Resistors. end ViQRl 

Item ff?230 $ 1 5.00 New 




Total 

Shipping & handling, we ship UPS unless 

otherwise specified. Add $3 plus 10% total, 

Canadian: $3 plus P.O. cost. Charge only. 

Sa.es Tax iN.J. residents only, 

please add 6% of total \ 

ORDER TOTAL 



MINIMUM 

ORDER 

$15. 

RE -26 



£*p. Date 


Signature 


Telephone. Area Code 


Number 




Name 


Address 


City 


Sidle 




Zip 



AH inquiries and free catalog requests cafi 201-939-2770. 



j For ail phone orders, call TOLL- FREE 800-524-0809. In New Jersey, 201-939-2770. 



m 

CD 
3J 

c 
> 

33 
-< 

CO 
00 
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O 

z 
o 

DC 
\- 

o 



g 

Q 
< 

cc 



SPARTAN 



t livltiniiis I iii.-. 



(516) 499-9500 

6094 Jericho Tpke. 
Commack, N.Y. 11725 



GENERAL INSTRUMENT lcc-sb 

58 Channel Remote Controller 



• On/olf fine tune 

• Wireless 

• Installs in minutes 



$79.95 





S395.95 



HAYES Smartmodem 1200 



• Foil or Halt Duplex 

• 300 BPS or up to 1200 BPS 
operation 

• Auto Answer and Auto Dial 

• Connects directly to tele- 
phone lines 



CARROL TOUCH 232LT Line Tester 

• 24 line accessibility 

• True Tri-slale monitoring 

• Dual color Leds (red. greenl 

• No hatlery required c-IKO or; 

• Complete Accessories: «>'««. jtu 
Durable case, reference card. 2 "Y" jumper cables, 6 
straight jumper cables. 10" male to female RS232C exten- 
sion cable, and an operators manual 




NEW 12" DIAGONAL MONITOR 

• Monochrome display Green 

• Composite video ego 05 

• BO characters & 25 tines *•*••*■ 

• 700 line resolution at center Amber 

• Non-glare DPT $97 95 



y 




PHILIPS REMOTE 
CABLE CONVERTER 



• Micro computer lechnlofly * Quartr. controlled »C's lack in picture & 
prevenl (frill • 60 channel selection • Prog ram mablt line on A 
DIP * 2 J hour LEO Digital monk * FavO-'tce tfunnel mentfry f, r«c^i plus 
scan • Wintesi hand held "mlra-reif irartjmiittr system * Automalic 
line tune » AOaptaoK 1o any DruMI tefcyisian • Ore year warranly sir- 
via 



RS232 TRANSMISSION LINE TESTER 

Features: * Male 10 Female connector for 
easy insertion into RS232 Line 'Test 7 
Lines (TO, RD, RTS, CIS, DSR. CD, DTfl) 
using LED's to indicate status ot each 
"Directly powered by RS232 Line no AC 
power needed 




$19.95 



WELLER Temperature Controlled 
Soldering Station w -. 



• Control Ranges 600 F. 700 F, 
800 F 

• Change temperature by 
simply changing the heat 
sensing tip 

• Sate for IC Soldering 

• Storage Tray lor extra tips and lip 
cleaning sponge wilh receptacle 

• Comes wilh W screwdriver dp 700 F, 

• 3 wire A. 5' tong cord 




$99.95 



SGL WABER DATAGARD 

Spike & Noise Suppressor 




S39.95 



PflOTECT YOUR COM- 
PUTER WITH DATAGARD 



Datagard DG115S provides a 
single-stage spike filter and a 
single-stage noise filter lo 
protect against moderate and 
catastrophic spikes and 
virtually all unwanled noise 
interference coming through 
the watl outlet 
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Dealers Welcome 

We accept MC Visa Amen COOlw 510 deposit! 
Shipping charges is lollows 

Volume Discounts 

3 lo 75 00 $2 50 

p„ r « .„,,.„.. .„ 76 00 to 250.00 S4 50 

Prices sunset lo 251 oo to 500 00 SO 00 

change without notice sqi 00 to 750 00 ss 50 

COD 52 00 Extra 751 00 to tOGC 00 $12 00 

(516) 499-9500 store Hours: Mon-Fri 9-6 
TELEX: 551427 SPARTAN Sal. 9:3D-5 
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Gcrnsback Publications, Inc. 




57 


Digital Research Computers . , 
Disitron 
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200 Park Ave. South 
New York, NY 10003 
(212) 777-6400 
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East (.'oast Transistor Harts . 


116 




President: Larry Sleekier 

Vice President: Cathy Steckler 
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Electronic SaKage Parts 


IU9 
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ADVERTISING SALES 212-777-6400 
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Larry Steckler 

publisher 
Arline Fishman 




1 1 1 ,260 




...95.1119 




100 


1 ircstik 11 


in 




advertising coordinator 
Shelli Weinman 
advertising associate 
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Fluke Manufacturing .. . 


7 




271 


i'nrcltiam Radio . . . 


CV4.I3 




Lisa Strassman 
credit manager 

Donna S.il 1 
credit associate 

Naomi Matten 
advertising assistant 




- 


Grantham College of Engineering . . . .93 
Malix Institute 104 






86 


Heath 


44 




SALES OFFICES 




— 


ICS Computer Training 


4(1 




65 


J & \V 


P6 




EAST/SOUTHEAST 
Stanley Levitan 
Eastern Sales Manager 
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.Jl>K Microdcvices 


131 




Radio-Eleclronics 
200 Park Ave. South 
New York, NY 10003 




281. 113 


JDR Microdcviccs 


132-133 




251 262 


JDK Microdevices 


1.14-135 




718-428-6037, 212-777-64U0 
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MlDWEST/Texas'Arkansas/Okla. 












114 


Jameco 


.122.P3 

23 

. . . 1(12 
. .45 




Ralph Bergen 

Midwesi Sales Manager 

Kadio-Electronics 

540 Frontage Road— Suite 339 

Northfield, IL 60O93 

11 2-446-1 444 
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184 


James Walter Satellite Rec. . . . 
Jan Crystals 




87 


MCM Electronics 


. . 121 




105 


MFJ 


116 




PACIFIC COAST Mountain States 




253 




1 28 




Marvin Green 
Pacific Sales Manager 




— 


McCraw Hill Hook Club 


..47.101 




Radio-Electronics 
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Micro- Marl 


US 




IS 335 Morrison St.— Suite 227 
Sherman Oaks, CA 91403 




71 
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818-9(36-2001 





What Pomona knows about banana 
plugs and adapters would fill a book. 

For over 30 years the Pomona Electronics line of banana plugs, 
jacks and adapters has played a major role in our ability to stay on the 
leading edge of electronics test technology. 

Every year we add new banana plug products to make your life 
as a professional design engineer a little easier. And the complete 
line is listed in our 1986 General Catalog. 0/^ 

In our new book you'll find over 400 models that utilize or 
adapt banana plugs in some useful fashion: plugs, jacks, 
binding posts, adapters, patch cords and cables, in standard 
or miniature sizes. You name it and you'll probably find 
exactly what you need in our new catalog. 

Here's how to get your copy of our 1986 General ....<# 
Catalog: Just circle the reader service number 
below; call us at (714) 623-3463; write us at 
Pomona Electronics, a division of ITT Corp- 
oration, 1500 East Minth Street, P.O. Box 
2767, Pomona, California 91769. 

Our products are available ^ 

through your favorite electronics -^lU 
parts distributor. '%£# 




ITT 

Pomona Electronics 
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Model DCM-602 

$6995 

3V-2 Digit Capacitance Meter 

8 ranges with full scale values to 2000 uF 
FEATURES • Broad test range - 1 pF to 
2000 uF • LSI circuit provides high 
reliability and durability • Lower power 
consumption • Crystal time base 

• Protected trom charged. capacitors 

• Frequency range - 800 Hz to 8 Hz 



Model DVM-634 

$48 75 



7 functions, 32 ranges. 
Transistor measurement 
included. 



Model DVM-638 

$7995 



1 1 functions, 38 ranges. 
Includes logic level detector, 
audible visual continuity, 
capacitance and conductance 
3Vi Digit Multimeters measurement 
FEATURES • DC Voltage 100 uV - 1000 V . AC Voltage 100 
200 uA - 10 Amps • Resistance 20 Megohms • Capacitance 
• Overload Protection • Auto-decimal LCD readout • Polarity 
battery life with 9V transistor battery • Low battery indication 



Model DVM-636 

$62 75 

8 functions, 37 ranges. 
Capacitance measurement 
included. 



uV- 750 V.AC/ DC Current 
[DVM 636/638) 1 pF - 20 uF 
indication •3000 hour 



ASK FOR FREE CATALOG. 

Money orders, checks accepted, C.O.D.'s require 25% deposit. 

Fordham 

260 Motor Parkway, Hauppauge, NY 1 1 788 



(^2^^3 ^i^^r 



Toll Free 

800-645-9518 

In NY State 800-832-1446 



\ 



Service! Shipping Charge 


Schedule 


Continental U.S.A. 




FOR ORDERS 


ADD 


S25-S10O 


54 50 


£101-5250 


£600 


£251-500 


5800 


S501750 


£1050 


S751 -1.000 


St 2.50 


SI ,001-1500 


£1650 


SI .50 1-2 000 


S20.00 


$2,001 and Up 


£25 00 



